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ABSTRACT

'This document describes a process for conducting radiological surveys during decommissioning,

to demonstrate that residual radioactive material satisfies criteria established by the U.S. Nuclear
Regulatory Commission (NRC) for termination of a license. The Manual describes procedures
for design and conduct of surveys in a manner which will provide a high degree of assurance
that NRC guidelines and conditions have been satisfied. The manual also describes methods for
documenting the survey findings in a final report to the NRC. This Manual updates information
contained in NUREG/CR-2082, Monitoring for Compliance With Decommissioning Termination
Survey Criteria, (ORNL 1981). It incorporates statistical approaches to survey design and data
interpretation used by the Environmental Protection Agency for evaluation of hazardous
materials sites under Superfund (CERCLA). Quality assurance is emphasized throughout.
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1.0 INTRODUCTION

Sites that use radioactive material for any acnvuy manufactunng, rcs&rch and developmcnt
education and training, or power production — all face the same eventuality:

*  That activity will one day be édncluded, and

. Premunons must be takcn to ensure that future occupants and the environment are
not subjected to unacceptable ‘risks from resndual radioactivity.

Many operations which have the potential to pose radiological risks.are licensed by the U.S.

Nuclear Regulatory Commission (NRC) As pan of its regulatory rcsponsxbxlmes the NRC has
also established requirements for c&nng opcrauons, removing residual, radxoacnvxty, and
terminating the license. This process is known as decommissioning. Generally, in order for
a license to be terminated the residual radioactivity must satisfy criteria which the NRC has
determined to be environmentally acceptable. These criteria, known as release criteria, include
numerical guideline levels for direct radiation radioactivity in soil and on surfaces and a set of
conditions for applicaton of the guidelines. If the residual activity concentrations and amounts
are below the release criteria, a site is considered acceptable for unrestricted use, i.e. without
need for future radiological controls. The release criteria NRC has been using for license
termination include those found in the following:

. Regulatory Guide 1.86, Termination of Operating Licenses for Nuclear Reactors
(NRC 1974),
. Guidelines for Decontaminarion of Facilities and Equipmens Prior 10 Release for

Unrestricted Use or Terminartion of Licenses for Byproduct, Source, or Special
Nuclear Materials (NRC 1987), Office of Nuclear Material Safety and Safeguards
(NMSS), and

. Branch Technical Position for Disposal or Onsite Storage of Thorium or Uranium
Water from Past Operations (46 FR 52061, October 23, 1980).
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A site or facility is considered to be contaminated, when the radioactivity levels exceed the
established release criteria. Usually, a site ceasing licensed operations can be adequately
decontaminated, or remediated, i.e. the residual contamination reduced to acceptable levels
for unrestricted release. However, some situations are encountered where decontamination to
release criteria is not practical (for example, where the quantity of contaminated material is
extremely large). In these cases, an alternative method of closure will be developed. An
example of such a case is the cleanup of uranium mill tailings by stabilizing them in an
engineered containment cell.

Over the years, many licensed sites used as facilities have been decommissioned. Occasionally,
however, follow-up surveys have revealed residual radioactive contamination at levels exceeding
the release criteria. This condition was (usually attnbuted to an madequate ﬁnal radxologxcal
survey; problems pnmanly resulted because ' .

. Contaminated R°m9“§ gf__ghe site were not all adequately,surveyed, and/or

« Survey equxpment and techmques were exthe: inappropriate_ or were not
i sufﬁcxently “sensitive’ to m&sure specxﬁc potennal contammams at the levels
“established for'release.

In addition;" documentauon was “often” mcomplete, preventmg mdependent assessment of
conditions.  The need for 1 more detalled mstmcnons for both performmg and_ ,c_locumentmg a final
survey in support of hcense termmanon became apparent .

1.1 Purpose

This Manual, contains procedures for conducting radiological surveys during
decommissioning, to demonstrate that residual radioactive material satisfies release
criteria. The purpose of this Manual is to assist the licensee in:

. _Designing and conducting radiological surveys in a manner which will provide a
“high degree of assurance that NRC criteria have been satisfied, and

° Documenting the survey findings in a final survey report to NRC.

This Manual updates information contained in NUREG/CR-2082, Moniroring for
Compliance With Decommissioning Termination Survey Criteria, (ORNL 1981). It
incorporates statistical approaches to survey design and data interpretation, used by the
Environmental Protection Agency for evaluation of hazardous materials sites under
Superfund (CERCLA). Quality assurance is emphasized throughout.  Survey
methodologies described in the Manual utilize state-of-the-art, commercially available
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instrumentation and procedures for conducting radiological surveys for decommissioning
pt.pose: : :

Although this Manual is written primarily to assist the licensee in conducting radiological
surveys for decommissioning purposes, its principles and methodologies will be useful
for conducting other' types of radiological surveys performed by licensees, NRC
inspectors, and their contractors. It may also be useful for advanced planning by current
nuclear facility operators or by those in the process of bringing a new facility on line.
Surveys for certain purposes, however, such as providing radiological control in an
operating facility; determining suitability for release or recycle of contaminated material;
and designing decontamination or remedial actions plans, are outside the scope of this
document.

Using This Manual

This Manual is intended to provide instructions for performing survey procedures that
will generate sound data to support a facility’s license termination application. It has
been assumed that the user possesses a basic knowledge of radiation terms and
fundamentals because, without such a background, authorization to possess and use
radioactive material would not have been granted by the NRC. The Manual could not
presume to anticipate all the possible combinations of operational, geological, financial,
and personnel constraints that may affect each site’s decommissioning process.
Nevertheless, the basic steps that are required for decommissioning, regardless of the
complexity of the facility, are outlined in the Manual (Section 2.0), and survey activities
related to those various decommissioning steps are described.

The sections in the Manual are modular, and each module contains information related
to a particular aspect of the surveys in support of the license termination process. While
this modular approach creates some redundancy in information, it should allow each
reader to concentrate only on those portions of the Manual that apply to his or her
responsibilities. In addition, since the procedures within each module are listed in order
of performance, options are provided to guide the user past portions of the Manual that
may not be specifically applicable to his/her particular situation. Where appropnate,
checklists, which condense and summarize each major point in the procedure, are
provided. These checklists may be used to verify that all suggested procedures were
followed or used to flag a condition where documentation would be required to explain

why that step was unnecessary.

Examples of calculations are included to assist the user in application of the various
mathematical formulae. A glossary of terms used in this Manual is provided in Section
12.0. Finally, a sample survey plan and a sample final survey report for a hypothetical
reference uranium fuel fabrication facility, based on the methodologies and procedures
presented in this Manual, are provided as Appendices C and D, respectively.
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Throughout the manual, specific parameter values (e.g. grid sizes) are specified for use
when conducting and documenting surveys. This is done to encourage standardization
to the extent practicable and to facilitate evaluation of survey results. Where the
paramctcr uscd is critical to.the quahty of the survey or is specified to ensure a minimum
level of statistical accuracy, this is so stated. However, in many cases parameter values
were selected either because they have become standard practice over the years and there
app&rs to be no. compelhng feason to-change them, or because the authors have found
them to bc pracucal based, on extensive field experience in conducting and documenting
these types of surveys. Users are enoouraged to comment on the usefulness of parameter
values in this draft manual and to suggest alternatives.



2.1

2.0 THE DECOMMISSIONING PROCESS

General

Decommissioning is an interactive process between the NRC and the licensee leading to -
the termination of a facility license and release of the facility for unrestricted use. This
process may be simple or complex, depending upon the composite topography (the type
and number of buildings, the amount of open or paved ground, or the combination of the
two); the type of facility and its general use; the type and variety of radionuclides used
in its processes and operations;.and the extent to which the facility may have become
contaminated. These same factors also affect the complexity of radiological surveys
required to provide the necessary information to eventually demonstrate that residual
radioactivity levels satisfy the criteria for license termination. The decommissioning
process and the relationship of radiological surveys to that process are illustrated in flow
chart format in Figure 2-1. This Manual is intended to assist the user in design and
performance of surveys required for decommissioning, regardless of the level of
complexity.

Responsibilities of the licensee are detailed in regulations concerning byproduct, source,
and special nuclear materials as set forth in Title 10 of the Code of Federal Regulations
(10 CFR); Parts 30.36 for byproduct material, 40.42 for source material, 50.82 for
reactors, 70.38 for special nuclear material, and 72.54 for spent fuel and high-level waste
storage facilities. These regulations provide that if a licensee does not renew a license,
that licensee shall, on or before the expiration date of the license, perform the activities
required for decommissioning a nuclear facility. The licensee must request in writing
that the license be terminated. In most cases, this request must also be accompanied by
a written decommissioning plan (see applicable 10 CFR section for conditions that may
provide for alternative actions). The licensee then:

o Terminates the use of the licensed matenal,
o Removes radioactive contamination from the facility to the extent practicable,
° Properly disposes of any radioactive material removed,

2.1
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2.2

o Submits a report form NRC-314, which certifies information concerning the
disposition of licensed materials,

o Conducts a radiation survey and/or evaluation of the premises where licensed
activities were carried out, and

® Submits to the NRC a report of the final survey or other information to
sufficiently demonstrate that the premises are suitable for release for unrestricted
use. -

The NRC reviews and evaluates the information provided by the licensee; performs
independent confirmation of site conditions, as appropriate; and makes a determination
on termination of the license.

Decommissioning Criteria and Guidelines

The ulnmate goal of the decommxssxomng process is to assure that future uses of any
licensed facxhty will not result in individuals being exposed to unacceptable levels of
radiation and/or radioactive materials. The NRC establishes the acceptable radiation dose
to a potentially exposed. individual, based on considerations of risk and scientific data
relating dose to risk. (For the purpose of this Manual, the terms dose and radiation dose
refer to total effective dose equivalent.) Residual leyels: ofiradioactive material that could
be present and still assure that an individual would not exceed that acceptable radiation
dose are then calculated by the analyses of various pathways:and :scenarios (direct
radiation, inhalation, ingestion, etc.) through which exposure could occur. These derived
levels, known as guideline values, release guidelines, or simply, guidelines, are
presented in terms of direct radiation levels, surface activity levels, volume
concentrations of radioactive material in soil and building materials, and site inventory
limits. These guideline values refer to radiation and radioactivity above normal
background levels. Guidelines for direct radiation levels are expressed in units of
exposure rate, i.e, microroentgens per hour (uR/h). Surface activity guideline values,
applicable to building or equipment surfaces, are expressed in units of activity per
surface area [typically disintegrations per minute per 100 cm? (dpm/100 cm?)]. Volume
concentration guideline values, which apply to soil, induced activity, and debris, are
expressed in terms of activity per unit mass [typically, picocuries per gram (pCi/g)]. Site
inventory limit refers to the total quantity of residual radioactive material from formerly
licensed operations, permitted to remain on the site following decommissioning; this
value is expressed in units of activity, i.e. microcuries (uCi) or millicuries (mCi). The
guideline value for direct radiation is not a function of the source of the radiation, i.e.,
it is independent of the specific radionuclide or its chemical/physical form. However,
because of differences in environmental behavior and associated radiation doses through
other exposure pathways, the guideline values for surface activity, volume concentration,
and site inventory will depend upon the specific radionuclide or radionuclides present.
If more than one radionuclide is present, the individual contributions from each
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radionuclide are limited, such that the sum of the radiation doses from all sources does
not, over time, exceed the established acceptable dose.

This Manual assumes the following conditions for application of guideline values to
decommissioning.

Surface Activit

Average surface activity levels (total of fixed and removable activity) are at or below
guideline values estabhshed as acceptable by NRC

o Reasonable efforts have been made to~ 1demify, evaluate, and remove, if
necessary, areas of residual activity exceeding the guideline values. Small areas
of residual acuvxty exceeding the gmdehne value, known as elevated areas, may
be acceptable to'thé'NRC. This- ‘Manual-assimes‘that actmty “levels of elevated
areas, less than three times the guxdelmc values when Aaveraged over a surface

-+ “region’of-100 cm**are acceptablc""prowded the z average lgvel thhm al m?area
o contammg"the elevated area'is thhm the guideling value. “*™

iy W e pisrvAIAIT HVLRIAOILET TGS Nl

44..;

e Rwsonable efforts have beéén madef o clm’*‘up removable acnvxty and removable
© activity in‘any 100 cm2 area does not exceed 20% of the : average ‘'surface activity
: gmdehne values.

° Average radionuclide concentrations are at or below guideline values, established

as acceptable by the NRC. ‘For your land areas, averaging is based on a 100 m?
{10 m x 10 m) grid area.

° Reasonable efforts have been made to identify, evaluate, and remove, if
necessary, areas of residual activity exceeding the guideline values. This Manual
assumes that areas of residual activity exceeding the guideline value, known as
elevated areas, are acceptable, provided they do not exceed the guideline value
by greater than a factor of (100/A)'2, where A is the area of residual activity in
m?, and provided the activity level at any location does not exceed three times the
guideline value,

Exposure Rate

o Exposure rates do not exceed background levels by greater than the exposure rate
limit, at 1 m from the surface. In occupiable building locations, exposure rates
are measured at 1| m from floor/lower wall surfaces and may be averaged over
floor areas, not to exceed the size of a small office (i.¢., about 10 m?.) For open
land areas, exposure rates are measured at 1 m above the surface and may be
averaged over 100 m® grid areas. This Manual assumes that maximum exposure
rates over any discrete area may not exceed two times the limit, above background.

24



2.3

" The objective of the survey, as presented in this Manual, is to demonstrate at a 95%

(minimum) level of confidence, that the above conditions have been met. For the

purpose of this demonstration, each survey unit (Section 4.2.2) is independently
evaluated.

Finally, the total i inventory of residual radioactive material from licensed operations may
require calculation. It is assumed that this calculation will include surface activity,
activity in surface and subsurface soil, activity induced in building materials and
components, and activity that may remain from previous onsite disposals.

Radiological Surveys Supporting Decommissioning

Several different surveys may be required as part of the decommxssxomng process. Since
each is ‘intended to provide radiological data for different pnmary applications or
objectives, the survey techmques thoroughness data’ accuracy, and documentation -
requirements may vary. This section 1denuﬁes and briefly ‘describes the types of
radiological surveys. Addxuonal ‘details on conductmg surveys are provided in

Section 6. 0 : o

The major steps'in the decommissioning process are sequenual and each step builds on
information gathered from ‘earlier activities. Although the various surveys may appear
to be independent, survey results may, in practice, serve multiple purposes. For
example, survey-measurements ‘obtained during the scoping phase or the characterization
phasg, may be‘useable-in-desctibinig the’ final site-conditions, if the location where those
measurements were performed has not experienced subsequent activities which may have
altered the radiological status.” Conversely, data obtained following remedial action may,
if they indicate residual contamination, serve as characterization information to guide
further cleanup. Survey activities should be planned to enable optimum use of the data,
thereby reducing the level of survey effort associated with a decommissioning project.
Such planning should consider the accuracy and specificity of measurements, relative to
time constraints and cost, at each stage of the survey.

2.3.1 Background Survey .

Because guidelines for residual radioactivity at decommissioned sites are
presented in terms of radiation levels or activity levels above normal background
for the area or facility, it will also be necessary to perform a background
survey. This survey will require measuring both direct radiation levels (usually
gamma exposure rates) and concentrations of the potential radionuclide
contaminants in construction materials and in soil (and sometime3 in groundwater)
in the vicinity of the site. Where only gamma emitting contaminants are present
and seils are not affected, it may be adequate to perform only background
exposure rate determinations. It is useful to perform such a survey prior to
commencing licensed operations; such surveys may be part of the environmental
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baseline surveys required at some of the more complex types of facilities. If such
information is already available, it may be used. Otherwise, a survey to establish
background will have to be conducted.

Background is determined by measurements and/or sampling at locations on site
or in the immediate vicinity of the site (out to several kilometers from the site
boundary), which are unaffected by site operations. Preferable locations for
interior background determinations are within on-site buildings of similar
construction, but having no history of licensed operations. Background direct
radiation levels within buildings may differ from those in open land areas,

because of. the . presence . of naturally .occurring:- radicactive - materials in
construction materials and the shielding effect that construction materials may also
provide. Backgroundv samples .and .measurements..for :land..areas should be
collected at locauons" which, are;, unaffected by. efflyent;;releases. (upwind and
upstream) and, other.s operanons (upgradxent from dxsposal areas). Locations
.. of potential runoff from areas.of surface cortamination:should also be avoided.

: h“miy have,beémaffected or,dxsturbed,by non-site activities
and should be avoided include waste management areas and.their drainage
pathways; roads, parking lots, and other large paved surfaces; storm drains and
ditches, recexvmg mdustnal or, agncultural ~Tunoff;:railroad: tracks; material
handlmg ar&s such as truck and raxl loadmg facxlmes, and fill areas.

Because the background levels . wnll be subtracted from total radiation or
radxoactmty levels to determine the net resxdual actiyity from licensed operations,
it is necessary that backgrounds be. determined with a detection sensitivity and
accuracy at least eqmvalcnt to data from which it will be subtracted. This can be
achieved by using the same instrumeats.and techmqu&s for background surveys
as are used in assessing final site conditions.

The degree to which the average background of a particular radiological
parameter, determined for a specific site, is representative of the true background
level is a factor in determining the number of background measurements required
for that determination. Many radionuclides are not present in the environment
at levels which are sufficient to be either quantifiable using reasonable, standard
measurement techniques or which are significant, relative to the guideline values
for unrestricted release. On the other hand, levels of direct radiation (exposure
rates) and some naturally occurring (uranium and thorium decay series) or man-
made (Cs-137) radionuclides are typically present in the environment at levels
which are easily quantifiable and may have background levels which are
significant, relative to guideline values. Experience has indicated the variance in
the average background value from a set of 6 to 10 measurements will usually not
exceed + 40% to 60% of the average at the 95% confidence level. However,
localized geologic formations, different types of soil, and construction materials
at the background measurement locations may result in individual background
values which have greater variability. Consequently, additional measurements
and samples may be required to assure a representative average value.
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2.3.2

For practical purposes, it is recommended that 6 to 10 measurements for each
parameter of concern be initially performed and the average and 95% confidence
level be determined. If the upper 95% level bound on the background average
is less than 10% of the guideline value for that parameter, variations in
background may be considered insignificant and no further determination are
necessary. However, if the upper 95 % level bound on the background average
1s greater than 10% of the guideline value,-the background data should be tested
to assure that the average represents the true mean to within + 20% at the 95%
confidence level. If necessary, additional background determinations should be
performed to satisfy this level of representativeness. The procedure for testing
the data and determining the number of additional samples needed is described
in Section 8.7. S e el :

Scoping Survey

- Early--in ,thée decommissioning process, ‘it-will-be necessary to identify the

potential - radionuclide ~contaminants=at: the -site; “the 'relative ratios of these
nuclides; and the general-extent of contamination (if any) — both in activity levels
and .affected - area - or'-volume::s:Although the license “and operational history
documentation will assist:to-varying degrees:in‘providing this information, it will
usually be necessary: to supplement:thatiinformation with-actual survey data. A
scoping survey is therefore performed. The scoping survey typically consists of
limited direct measurements: (exposure:rates and surface activity levels) and
samples (smears, soil, water; and-material with induced activity), obtained from
site locations considered to be the most likely to contain residual activity, and

. from other site locations both immediately adjacent to the radioactive materials

use areas and in areas not expected to have been affected by the site operations.
This survey provides a preliminary assessment of site conditions, relative to
guideline values, and enables initial guidance in classification of the site into
"affected” and "unaffected” areas (see Section 4.2.1 for further information on
classification of areas by contamination potential). The scbping survey provides
the basis for initial estimates of the level of effort required for decommissioning
and for planning the characterization survey.

Measurements and sampling in known areas of residual contamination need not
be as comprehensive or be performed to the same sensitivity level as will be
required for the characterization or final status surveys. However, when planning
and conducting this scoping survey, the licensee should remember that some of
the data, particularly that from locations not affected by site operations, may be
used as final status results or to supplement the characterization and/or final
survey results. Similar measuring and sampling techniques as used for those
categories of surveys may, therefore, be warranted.
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2.3.3 Characterization Survey

After locanons which . may require decontamination have been identified, a
charactenzatxon -survey_is performed to more precisely- define the extent and
magnitude of contamination... The characterization survey should be in sufficient
detail to provide data for planmng -the decontamination effort, including the
decontamination techmques schedules, costs, and waste volumes and necessary
health and. safety considerations during decontamination. = Characterization is
typically concentrated on-those portions of the site which are known to have been
or are suspected of having been affected by site operations involving radioactive
materials. The type of information obtained from a characterization survey is
often limited to that necessary to differentiate a surface or area as contaminated
or non-contaminated. A high degree of accuracysmay:not be‘required for such
~ adecision, when the data indicate levels well above the guidelines. On the other
+vg:hand, when.data are:near the:guideline,values; ‘arhigheridegree of accuracy is

o usually necessary, to.assure the: -appropriate;decision regarding the true radiological
- conditions. ;~Also;: one. category-of-radiological: datajisuch as soil radionuclide
concentration.or: ‘totalisurface-activity,- ‘may: -be-sufficient:to determine the status
asvgontammated,a and. other~measurements, e.ginexposure rates or removable
- contamination levels, may therefore not be- performed*dunng characterization.

, As was the :ntuauon thh the .scoping survey,the choxce of survey technique
should::be commensurate. - with - the intended : use- of the data, including
considerations for possxble future use of the results to supplement the final status
survey data

2.3.4 Remediation Control Survey

- The effectiveness of decontamination efforts in reducing residual radioactivity to
- acceptable levels is monitored as the decontamination is in progress by a
remediation control survey. This type of survey activity guides the cleanup in
a real-time mode; it also assures that remediation workers, the public, and the
environment are adequately protected against exposures to radiation and
radioactive materials arising from the decontamination activities. The remediation
control survey typically provides a simple radiological parameter, such as direct
radiation near the surface being decontaminated. The level of radiation, below
which there is reasonable assurance that the guideline values have been attained,
is determined and used for immediate, in-field decisions. Such a survey is
intended for expediency and does not provide thorough or accurate data
describing the final radiological status of the site. The remediation control survey
is applicable to monitoring of surfaces and soils or other bulk materials only if
the radionuclides of concern are detectable by field survey techniques. For
radionuclides and media which cannot be evaluated at guideline values by field
procedures, samples are be collected and analyzed to evaluate effectiveness of
decontamination efforts. For large projects, use of mobile field laboratories can
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2.3.5

2.3.6

provide more timely decisions regarding the effectiveness of remedial actions.
Examples of situations for which remediations control surveys would not be
practicable are soil contaminated with pure alpha or beta emitting radionuclides
and surfaces with very low energy beta contamination such as H-3.

Final Status Survey

A survey to determine the final condition of the site is performed after
decontamination activities (if any were required), are complete. This survey is
known by several titles, including termination survey, post remedial-action
survey, final status survey and final survey. The term final status survey is
used in this Manual. It is this survey which provides data to demonstrate that all
radiological parameters (total surface activity, removable surface activity,
exposure rate, and radionuclide concentrations in soil and other bulk materials)
satisfy the established guideline values and conditions. Results of the survey are
documented in a detailed report, which becomes part of the licensee’s application
to terminate a license and thereby release the facility for unrestricted use. This
type of survey is the principal focus of this Manual.

Although the final status survey is discussed here as if it were an activity
performed at a single specified stage of the documenting process, this may not be
the case. Data from surveys conducted at other stages of the decommissioning,
such as the scoping survey and characterization survey, can, under proper
conditions, be incorporated into the final status survey.

Confirmatory Survey

After acceptance of the licensee’s termination survey report, the NRC may
perform (or arrange for its agent to perform) a confirmatory survey. As the
name implies, a confirmatory survey is performed to confirm the adequacy and
accuracy of the licensee’s final status survey. The confirmatory survey develops
radiological data of the same type as that presented by the licensee, but is usually
limited in scope to spot-checking conditions at selected site locations, comparing
findings with those of the licensee, and performing independent statistical
evaluations of the data developed by the confirmatory survey and the licensee’s
final status survey. Although the scope may vary, a confirmatory survey
typically addresses from 1 to 10% of the site, but may be extended, if questions
or anomalies develop or are identified. The NRC uses the report of this survey
in supporting a decision on the licensee’s application to termlnate a license and
release the facility for unrestricted use.
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3.0 ASSESSING THE RADIOLOGICAL STATUS OF

THE SITE

The initial step in the decommissioning process is a preliminary assessment of the radiological
status of the site. This assessment consists of:

° Identifying potential residual radioactive materials,

L Establishing the applicable release criteria,

° Determining the general lo&dons and extent of activity, and
® Estimating the levels of activity.

Information from this assessment provides the basis for the licensee’s decommissioning plan and
the design for subsequent radiological surveys. This section describes the scoping of the site
status. A flow diagram (Figure 3-1) and a checklist to assist the user in this assessment are
included at the end of the section.

3.1

Document and History Review

The starting point in this assessment is a review of the site license and supporting or
associated documentation, e.g. license conditions, license amendment applications,
inspection records, material acquisition and disposal records, site maps and facility
drawings, process flow charts, etc. These documents will specify quantities and chemical
and physical forms of radicactive material authorized for possession, operations for
which the materials could be used, locations of these operations at the site, and total
quantities of material used at the site during its operating lifetime. Such records must be
maintained by licensees, per provisions of 10 CFR 30.35 (g) 40.36 (f), and 70.25 (g),
until the license is terminated by the NRC. Operating records will provide information
on spills, fires or other incidents that may have resulted in the release or spread of
radioactive contamination.
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3.2

These records may also include previous radiological surveys, which will assist in
identifying potentially contaminated areas. Records should also identify the locations of
potential subsurface radioactivity from former waste processing and disposal operations
which may have been conducted in accordance with previous provisions of

10 CFR 20.302 and 10 CFR 20.304.

Information concerning past site activities and potential residual activity beyond expected
locations is often available from unofficial sources, such as interviews with senior or
former employees and area residents, old photographs, and local newspaper articles.
Ingenuity will be required in identifying such sources and extracting and evaluating the
information obtained.

Sometimes facilities, particularly those that used radioactive materials prior to the advent
of the Atomic Energy Commission licensing, have residual material on site from prior,
unlicensed operations. In these cases, records may be sketchy or non-existent, but
knowledge of the general type of operations at that site will assist in determining the
radionuclides which would most likely be present. '

Identifying Potential Contaminants

After the radioactive materials that were used at the site have been identified, the
potential for residual contamination by these materials is evaluated. Site operations
greatly influence the potential for residual contamination. An operation which only
handled encapsulated sources, for example, would be expected to have a low potential
for contamination, assuming that the integrity of the sources was not compromised. A
review of leak-test records for such sources may be adequate to dispel concern for
residual contamination. A chemical manufacturing process facility would likely have
contaminated piping, ductwork, and process areas, with soil/land area contamination
limited to locations where spills or leaks may have occurred. Sites using large quantities
of radioactive ores and those with outside waste collection and treatment systems are
more likely to have contaminated grounds. If loose, dispersible materials were stored
outside or process ventilation systems were poorly controlled, then windblown surface
contamnination may be possible.

Consideration should be given to the amount of time that has passed since the site was
in operation. Radionuclides with short half-lives may no longer be present in significant
quantities, if enough time has elapsed since the site discontinued operations to allow for
radioactive decay. In this case, calculations to prove that residual activity could not
exceed guideline values may suffice, and surveys may not be required to demonstrate the
site’s radiological status, relative to license termination criteria. On the other hand,
certain radionuclides, such as Th-232, may experience significanf daughter product
ingrowth, which must be considered in evaluating the potential residual contaminants at
the time of decommissioning.
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3.3

3.4

3.5

Identifying Potentially Contaminated Locations

Using information gathered from document and site history reviews and evaluation of
potential contaminants, locations of likely residual contamination are identified. Such
locations will include facilities or areas where radioactive materials were processed;
where wastes were handled, stored, or disposed of; and where spills, fires, or other
incidents occurred which may have released or spread contaminaton. These locations
will be the principal targets for the scoping survey.

Performing the Scoping Survey

The scoping survey is performed. to substantiate and, where necessary, better define the
identity of potential radicactive contaminants and the general extent of residual activity.
Based on the anticipated radionuclides, appropriate survey instruments are selected (refer
to Section 5.0), and cursory measuréments are-conducted in-suspect locations. These"
measurements typically consist of surface scanning (moving the detector at a consistent
speed and distance near the' surface) and measuring levels of diréct radiation (surface
activity and exposure rate) at representative points.- Samples of surface soil and residues
from surfaces, cracks, pipes, ducts, and other areas where contaminated material may
have accumulated are collected and analyzed (refer to Section 7.0) for specific
radionuclides. Bear in mind that these survey activities are more of a screening nature
and are not intended to be as comprehensive or stringent as those required to demonstrate
that final site conditions satisfy the release criteria. Results can, however, be utilized as
valid data to supplement the final status survey reports, if appropriate procedures are
followed and the subsequent decommissioning activities have not altered the survey
location.

One of the most difficult situations to evaluate is the presence of buried materials or
possible subsurface contamination. Such subsurface material is usually covered by
several feet of soil and the surface may be paved over of may be the site of a building.
Such conditions prevent detection of the residual activity by surface surveys only.
Methods, such as ground penetrating radar or electromagnetic measurements,to identify
subsurface anomalies or disturbances, are used. Subsurface sampling can also be
performed. These procedures are, however, usually beyond the scope of the scoping
survey; such information is typically collected during the characterization and/or final
status survey.

Establishing Site Guideline Values

Evaluation of license and document review and analyses of samples from the scoping
survey are used to identify the residual radionuclides at the site. If a single radioactive
material or a combination of radicactive materials with the same guideline values were
used at the site, the guidelines can then be selected from tables developed by the NRC.
In many cases, however, multiple radionuclides with different guideline values are
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3.6

present at the site; site-specific guidelines should then be established. The procedure for
determining site-specific guideline values is described in Appendix A.

Comparison of Radiological Conditions with Guideline Values

Scoping survey results are compared with the site guideline values, and locations of
contamination, if any, are identified. Findings of the assessment, describing the review
and evaluation of pertinent documents and results of the scoping survey are documented
for submission to the NRC. If, based on the;radionuclides used and activities conducted,

it can be demonstrated that residual contamination would not be possible, the NRC may
determine that no.further actions by the licensee are necessary. - If residual ‘contamination

is poss1ble, but.no conditions ;exceeding -guidelines have :been’ identified, plans for

conducting .: additional .surveys.to- demonstrate :that;the: final site status- satisfied release

“.crxtena should be .developed. If- residual. site contamination is identified, the licensee

shmﬂd develop -and; submit. plans for charactennng :and -remediating- contaminated

. :locanons and for. conductmg surveys to demonstrate that the final-site-status meets the
guideline values and. conditions. : :
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FIGURE 3-1: Flow Diagram for Assessing Site Status
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‘Checklist for Conducting
Assessment of Site Radiological Status

Review license operatmg records, documentation supporting license ammendment
apphcanons jand other pcmncnt documents.

stcuss ‘site hxstory wn.h senior and former employees and others who may have
mformanon onwpast opcrauons
Idcnn'f;i-a;honuchda used
S SETRCTI :
Detcrmme wl'nch~radxonuchdes could be site contaminants.

Idcnnfy locat{Ot{; o;' l:kely rcsxdual activity.

Perform: scoplng survey

Identify speciﬁc radionuclides at site.

Establish guideline valu&;, develop site-specific guidelines if applicable.
Compare scoping survey findings with guidclinc values.

Prepare report to NRC identifying locations of contamination (if any) and
describing plans for decontamination and/or further survey actions.
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4.0 Planning and Designing the
Final Status Survey

The purpose of the final status survey is to demonstrate that the release criteria established by
the NRC have been met..:Demonstrating/thatithis.has been’achieved-réquires collection of data
for;gewnninid'g:surfa"ce;gabtii/itifle_\’zels-‘,fi’dii-é‘éﬁ‘:exijbsufe'irates;'iand» radioniuclide concentrations in
soil/ In addition, supplemental information, such as radionuclide concentrations in ground water
and total site inventory of radioactive:material, may be required by the NRC. The data should
be accurate and reliable and:should be adequate:to:satisfy other conditions and considerations
which the NRC may impose. A well-documented, statistically based survey plan will be the
basis for meeting these objectives.

The survey plan should describe the survey design in detail. The plan should include:

o A list of the types, numbers, and locations of measurements and samples to be
obtained;
. Information on the equipment and techniques to be used for measuring, sampling,

and analyzing data;
. The methods to be used to interpret and evaluate the survey data; and,
. Quality control procedures for ensuring the validity of the data.

This section discusses considerations -for developing such a plan, including quality control
procedures, and site information required to plan and design the survey. This section also
describes how to select measurement/sampling locations and to determine the sampling frequency
that will be required to assure the statistical significance of the data. A general flow chart for
a radiological survey supporting license termination is provided in Figure 4-6; detailed flow
charts for various activities related to the survey process are provided in Section 6.0.
Appendix B provides a sample survey plan for a hypothetical reference fuel fabrication facility.
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4.1

General Considerations for Survey Planning

4.1.1 Quality Assurance

Because the purpose of the final status survey is to demonstrate that a facility
meets the established release criteria, the survey should be performed in a manner
that assures the results are accurate and that uncertainties have been adequately
considered.  An effective QA program will define the data quality objectives of
the survey and thereby determine, to a significant extent, the survey design. This
program will operate in all stages of the survey through final validation of the
data and the interpretation of the results.

- The . consensus: -nuclear: :.industry.. standard for - quality--;assurance is

ANSIUASME NQA-1,.-Quality -Assurance Program..Requirements - for-Nuclear

- Facilities (ANSI 1989).: The NRC has also issued-guidance:| foran acceptable QA
_program : ini;Regulatory <Guide:-4.15,? Quahtyf s#Assurance’‘for Radiological

Monitoring-Program-—:EffluentiStreams. and the-Environment (NRC 1979). A
quality assurance cprogram, consxstent w1th the‘mformanon contamed m these

- -documents, should:be developed.: e T ,”

Surveys should be performed by trained individuals who are following standard,
written procedures, and-are using properly -calibrated:instruments' which are
sensitive to the suspected contaminant. The custody of samples should be tracked
from collection to analysis. Data should be recorded in an orderly and verifiable
way and reviewed for accuracy and consistency. Every step of the
decommissioning process, from training personnel to calculating and interpreting
the data, should be documented in a way that lends itself to audit. These
requirements are achieved through a formal program of quality assurance.
Failure to follow such requirements may limit the usefulness of portions of the
survey data.

QA Plans

The decommissioning plan should include a written QA plan that describes the
organizational structure under which the decommissioning efforts — and
particularly the final status survey — will be conducted. Functional and
administrative responsibilities and interfaces of key individuals should be clearly
delineated. Education, experience, and any other requirements for each key
position should be specified. The size and complexity of the organizational
structure will be determined by the magnitude of the decommissioning action.
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QA Coordinati

One individual should be designated as the QA officer or QA coordinator. This
individual should not be involved in survey activities that generate data and
should report directly to the project manager. The QA officer/coordinator should
be responsible for ensuring that all QA objectives:of the survey are met, should
review selected field and analytical data to ensure adherence to procedures, and
should approve the quality of data before it us used to test hypotheses regarding
attainment of cleanup standards. Specifically, this individual:

* Serves as the focal point for survey QA activities and ensures that they are
conducted in accordance with estabhshed polxcxu and procedures

-

. Ovcrsecs survcy acnvmes by conductmg mtemal audns and/or surveillance.

D I I. B Aq I.'

All aspects of the survey should be documcmed in deml For certain field or
laboratory.. activities, ::consensus’ or ‘industry-wide: procedures, such as those
developed by the Environmental-Protection-Agency (EPA), American Society of
Testing:and Materials (ASTM),:DOE’s Environmental Measurements Laboratory
(EML), or other such:organizations:may:be either-adopted in whole or adapted
to meet the requirements of the specific- decommissioning action. These
procedures become part: of .the administrative-‘record- of the survey. The
procedures should be approved by - the- individual responsible for the
decommissioning project and the effective date of the procedure should be
indicated. Changes or exceptions to established procedures are likely to be
required; and these also should be properly documented, signed, and dated.

Training/Certification of Survey Staff

All personnel conducting the surveys should receive training to qualify in the
procedures being performed. The extent of training and qualifications should be
commensurate with the education, experience, and proficiency of the individual
and the scope, complexity, and nature of the activity. Training should be
designed to achieve initial proficiency and to maintain that proficiency at least
over the course of the decommissioning process. Records of training, including
testing to demonstrate qualification, should be maintained.

Measuring equipment should be maintained, calibrated, and tested to assure the
validity of the survey data. Further, the procedures, responsibilities, and
schedules for calibrating and testing equipment should be documented.

Proper maintenance of equipment varies, but maintenance information and use
limitations should be provided in the vendor documentation. All measurement
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and analytical equipment should be tested and calibrated before initial use ana
should be recalibrated if maintenance or modifications could invalidate earlier
calibrations. .- Field and laboratory equipment should be calibrated based on

- standards traceable to the National Institute of Standards and Technology (NIST).
In those-cases where: NIST-traceable standards-are not available, standards of an
industry-recognized organization (for example, the New Brunswick Laboratory
for various uranium standards):may be used. - Minimum frequencies for
calibrating equipment should be:established and documented.

Measuring equipment-should be tested at least once each day the equipment is
used.;=‘Test results:should be recorded: in tabular or graphic form and compared
to predetermined, acceptable performance ranges. Equipment that does not
. conform:to the:performance:criteria should be immediately removed from service
until the deficiencies can be resolved.

Qm_Mm_xaggm:m

.,‘_“!':,;_V_—» -

gy ol JEImETRuCOn Wi Gl TIms '
.-Aconsistent: method of data gencranom«handhng,\computanons, evaluation, and
tepomnggshould cberdeveloped:and-documented-as:part’of the survey plan. In
25 genemlwmfonnanon(andhdm*shouldﬁbe irecorded-"in bound logs or on
., standardized. field-and:laboratory:record-forms: Analytical data should not be
. .obliterated. by: erasing:or-the :use of . whiteout. - Incorrect entries should b
. corrected. by. striking a single line across the entry-and-entering new data. The
correction or change should be initialed and dated: by-the person making the
entry. . Coe

A system of data review and validation is important to ensure consistency,
thoroughness, and acceptability. This begins with regular (daily or weekly)
reviews of calculations based on field data; and-reviews of final reports by survey
and laboratory supervisors, QA officials, and project managers. All reviews
should be signed and dated. Any questionable or invalid data should be identified
in project records and in the survey report. Active records should remain under
direct control of a designated individual during report preparation; inactive
records should be protected from loss or destruction by storage in access-
controlled areas or files and in facilities with fire protection. It is also
recommended that- copies (microfilm, computer disc, photostats, etc.) of critical
data be produced and stored at a separate location.



Sample Chain-of-Custody

One of the most important aspects of sample management is to ensure that the
integrity of the sample is maintained; that is, that there is an accurate record of
sample collection, transport, analysis, and disposal. This ensures that samples are
neither lost nor tampered with and that the sample analyzed in the laboratory is
actually and verifiably the sample taken from a specific location in the field.

Sample custody should be assigned to one individual at a time. This will prevent
confusion of responsibility. Custody is maintained when (1) the sample is under
direct surveillance by the assigned individual, (2) the sample is maintained in a
tamper-free container, or (3) the sample is within a controlled-access facility.

A chain-of-custody record (a standard form) ‘shduid’ be unnated by the individual
collecting: or-overseeing .the:collection of :samples.: A copy.of this form should

_~ accompany: the: samples-throughout: transportation-and: analyses; and any break in
- custody or evidence of tampering-should:be documented. - |

JEn A

~ a;:Pcr‘i‘odiiczlau}di_ts;s;hould Bexperformed’to;verifysthat-vsurvey‘:acﬁvitics comply with

4.1.2

i

‘established:procedures::and . other:aspects-of the QA plan and to evaluate the
-overall effectiveness of theQA program.: The audits should be conducted in

accordance with-written guidelines or checklists, and should be performed by
individuals not actively. participating in:the activities being audited. Audit results
are reported to responsible management in writing, and actions to resolve
identified deficiencies should be tracked and appropriately documented.

Health and Safety

Consistent with the approach for any operation, decommissioning activities should
be planned and monitored to assure the health and safety of the worker and other
personnel, both on- and off-site, are adequately protected.

Contamination control and radiation control support surveys are conducted for
protection of personnel performing decontamination activities. These surveys are
operational in nature, as opposed to determining the radiological status of a
facility, and are typically conducted as part of a licensee’s ongoing radiation
protection program. However, at the stage of determining the final status of the
site, residual radioactivity is expected to be below the guideline values for
unrestricted release; therefore, the final status survey should not require radiation
protection controls.

The primary health and safety concerns during a final survey are the common
potential industrial hazards typically found at a construction site. These include
exposed electrical circuitry, excavations, enclosed work spaces, sharp objects or
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4.1.3

surfaces, falling objects, tripping hazards, and working at hexghts The survey
plan should incorporate requirements and procedures for eliminating, avoiding,
or minimizing these potential safety hazards.

Physical Charactersms of Site -

The physical characteristics of the site will have a significant impact on the
complexity, schedule, and:cost.of a survey. These characteristics include the
number and size of buildings, type of building construction, building condition,
total area of grounds, topography, and ground:cover. -

. n :
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: ,Buiidin'g design-and condition:will have a:marked-influence on the survey efforts.

. The time:required :to:conduct: a.survey: of building-interior: surface is essentially
" directly: proportiona’l"to thestotal-surface:area.-= For-thisireason the degree of

survey coverage is decreased as the potential for resxdual actmty decreases.

Buxldmg construction features such as ceiling height and mcorporanon of ducts,

- piping,-and:certain:other services:into the:constructiontwill‘determine the ease of
.:accessibilityxof ‘various: surfaces. -:Scaffolding;-cranesjimanlifts, or ladders may

be-necessary- to reach:some surfaces. Aoccssmgasomefloanons may actually
require dismantling ‘portions of:the :building. If :the:building is constructed of

‘porous materials, such: as wood’or: concrete, -and:thevsurface was not sealed,

contamination may have found its way-into the walls;:floors, and other surfaces.
It may be necessary to-obtain cores for laboratory analysis. Another common
difficulty is the presence of contamination beneath tile or other floor coverings.
This occurs because the covering placed over contaminated surfaces or the joints
in tile were not sealed to prevent penetration. It has been the practice in some
facilities to "fix" contamination (particularly alpha emitters) by painting over the
surface of the contaminated area. All this should be addressed in surveys.

The condition of surfaces after decontamination may affect the survey process.
Removing contamination that has penetrated a surface usually involves removing
the surface as well. As a result, the floors and walls of decontaminated facilities
are frequently badly scarred or broken up and are often very uneven. Such
surfaces are more difficult to survey, because it is not possible to maintain a fixed
distance between the detector and the surface and pitted or porous surfaces may
significantly attenuate radiations — particularly alpha and low-energy beta
particles. Use of monitoring equipment on wheels is precluded by rough
surfaces, and such surfaces also pose an increased risk of damage to fragile
detector probe faces. : .

The presence of furnishings and equipment will restrict access to building surfaces
and add additional items which the survey should address. Equipment that was
used directly for processes or activities involving radicactive materials will likely
have been removed; however, in cases where such equipment remains, relatively
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inaccessible surfaces may require evaluation. It may also become necessary to
remove or relocate certain furnishings such as lab benches and hoods, to obtain
access to potentially contaminated floors and walls.

Piping, drains, sewers, sumps, tanks and other components of liquid handling
systems present special difficulties because of the inaccessibility of interior
surfaces. Process information, operatmg history, and preliminary monitoring at
available access points will assist in’ evaluating the extent of sampling and
measurements that will be required." Evaluatxon ‘of inaccessible surfaces is
addressed in Sections 6.4.3 - 6.4.5

Expansion Jomts stress cracks, and penetrations-into floors and walls for piping,
conduit, anchor bolts, etc. are potential sites for accumulation of contamination
and pathways for-migration into subfléor-soil'and hollow:wall spaces. Wall/floor
interfaces ‘are’ also-likely-locations- for-residual ‘contamifiation. Coring, drilling,
or other such' methods may be necessary o’ gam aceess for survey.

—'x._\,)_r:,." : e B S B S

Exterior building surfaces will typically have a low potential for residual
contamination; however, there are several locations which should be surveyed.

If there were roof exhausts or the facility ‘is+in“proximity:to-the air-effluent
discharge points, the possibility of roof contamination should be considered.

Because roofs are periodically resurfaced, contaminants. may have been trapped
in roofing material, and samples of this material may have to be obtained. Wall
penetrations for process equipment, piping, and exhaust ventilation are potential
locations for exterior contamination: Roof drainage points such as driplines along
overhangs, downspouts, and gutters are also important survey locations. Window
ledges and outside exits (doors, doorways, landings, stairways, etc.) from former
contamination control areas are also building exterior surfaces which should be
addressed.

Grounds

Depending upon site processes and operating history, the radiological survey may
include varying portions of the land areas. At a minimum, those areas
immediately adjacent to facilities where radioactive materials were handled should
be surveyed. Other potentially contaminated open land or paved areas to be
considered include equipment, product, waste, and raw material storage areas;
liquid waste collection lagoons; areas downwind (based on predominant wind
directions on an average annual basis, if possible) of stack release points; surface
drainage pathways; and roadways that may have been used for transport of
radioactive or contaminated materials.

Buried piping and underground tanks, spills, and septic leach fields which may
have received contaminated liquids are locations of possible contamination that
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will require sampling of subsurface.soil. Information regarding soil type (e.g.
clay, sand, etc.) may provide insight into the retention or migration characteristics
of specific radionuclides. The need for special sampling by coring or split-spoon
equipment, usually by a commercial firm, should be anncxpated

Dlsposmon of. on—sxtc low-level waste burials, authonzed under AEC/NRC
regulauons .will require a decision by the NRC following review of the licensee’s
decommlssxomng plan. If radioactive waste has.been removed, surveys of
excavations will be necessary before backfilling. If such material is to be left in
place, the NRC may request subsurface sampling around the burial site perimeter
.to assess the potcntxal for future xmgranon RS 7_
v If ground coger should be rcmoved or: u}there are other obstaclcs that limit access
by‘ gither; survey.personnel-or. by: anygneeded special-equipment (electromagnetic
. scanners.and subsurfac&samphngmg&the time and expense of making land areas
* accessible should be considered. In addition, precautionary procedures should be
" developed to prevent spreading surface;contamination;/during ground cover
removal and/or the use of heavy equipment.

: g NSV R
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Desxgmng the Survey
4.2, 1 Classnﬁcation ot Ams by Contamlnation Potential -

All areas of thc site wxll not have thc same: potcnual for residual contamination
and therefore :do not require the same level of survey coverage to achieve an
acceptable level of confidence that the site satisfies the established release criteria.
By designing: the survey such that areas with higher potential for contamination
receive a higher degree of survey effort, the process will be both effective and
efficient.

Two classifications of areas are used in this Manual; these are termed affected
and unaffected areas. These classifications are defined as follows:
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4.2.2

® affected areas: Areas that have potential radioactive contamination (based
on plant operating history) or known radioactive contamination (based on past
or preliminary radiological surveillance). This would normally include areas
where radioactive materials were used and stored, where records indicate
spills or other unusual occurrences that could have resulted in spread of
contamination, and where radioactive materials were buried.  Areas
immediately surrounding or adjacent to locations where radioactive materials
were used or stored, spilled, or buried are included in this classification
because of the potential for inadvertent spread of contamination.

o unaffected areas: All areas not classified as affected. These areas are not
expected to contain residual radioactivity, based on a knowledge of site
history and previous survey information.

Segregation of the site into these two classifications should be justified by the
licensee in the decommissioning plan (in those cases where a decommissioning
plan is required ‘to’ be submitted).and. in.the -final survey. report..-It-should be
emphasized that review and concurrence by the NRC of the classxﬁcanon of areas
is to the advantage of the licensee at the early stages of. planmng the ﬁnal survey
It should also be recognized that as the final survey progresses, an area’s
classification may-require changing, based-on-accumulated survey data.

Establishing Reference Grid Systems
Gnd systems are established at the site to:
» Facilitate systematic selection of measuring/sampling locations,

e Provide a mechanism for referencing a measurement/sample back to a
specific location so that the same survey point can be relocated, and

e Provide a convenient means for determining average activity levels.

A grid consists of a system of intersecting lines, referenced to a fixed site
location or bench mark. ‘Typically, the grid lines are arranged in a perpendicular
pattern, dividing the survey location into squares or blocks of equal area;
however, other types of patterns (triangular, rectangular, hexagonal) have been
used for survey reference purposes.

Grid patterns on horizontal surfaces are usually identified numerically on one axis
and alphabetically on the other axis or in distances in different compass directions
from the grid origin. Examples of building interior and land area grids are shown
in Figures 4-1 and 4-2, respectively. Grids on vertical surfaces include a third
designator, indicating position relative to floor or ground level. Figure 4-1
provides examples of designating grid locations in three dimensions.
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For surveys of structures the basic grid system for affected areas is 1 m.
Gn’dding may be limited to the floor and lower (up to 2 m height) walls, unless
there is also a potential for upper wall and ceiling area contamination. Survey
locations are referenced to the grid system; surveys of ungridded surfaces are
referenced to the floor grid (if one exists) or to prominent building features.

Grounds and open land areas classified as affected areas are gridded at 10 meter
intervals.

Unaffected areas do not require gridding for the purposes of “establishing
measurement or sampling locations; however, grids systems of larger spacing,
e.g. 5 to 10 m for large structural surfaces and 20 to 50 m for land areas, may

- be-helpful to the licensee by facilitating;the- referencmg of survey* locations in
those areas to a common site reference systcm

- .The grids described above are mtended;pnmanly for-reference- purposes and do
not necessanly dxctatc the spacing of survey m&surements orsamplmg Closer
- area gﬁiﬁehne values are met to the reqmred Icvel of confidence.- -Larger spacing
. may be 5cceptable, based on the capabllmes of survey techmques Considerations

~for detenmmng measurement/ samplmg spacmg are provided in: Secnons 4.2.3and
8.5. :

To facilitate survey design and assure that the number of 'survey data points from
an area is sufficient to enable stansncal evaluation, the area may be divided into
survey "units” which have common history or other characteristics or are
naturally dlstmgmshablc from other portions of the site. Such survey units may
combine contiguous rooms or land areas having the same potential contamination
classification. The size of a survey unit should be chosen to assure that the total
number of data points and/or the spacing (frequency) of measurement/sampling
satisfy the requirements of Section 4.2.3. The maximum survey unit size for
building surface areas classified as affected, limited to 100 m?. A survey unit
cannot include both affected and unaffected areas.

4.2.3 Selecting Measurement/Sampling Locations

It is not possible to perform measurements or conduct sampling at the
theoretically infinite number of locations on a site. Instead, a survey should have
as its objective the collection of quality radiological data from sufficient
representative site locations, such that a statistically sound conclusion regarding
the radiological status of the entire site can be developed. Meeting this objective
requires a statistically based plan for selecting measurement and sampling
locations.
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Experience has indicated that residual contamination on a former radicactive
material site is typically concentrated in a relatively small portion of the site. The
pattern is asymmetrical, with much of the activity often located in small isolated
hot-spots.  If the licensee’s cleanup efforts have been effective, however,

essentially all locations will have residual activity below the guideline levels, and
many areas will contain levels in the range of natural background and/or below
the measurement sensitivities of the survey and analytical procedures. After
cleanup, the pattern of residual activity will therefore likely approximate a normal
distribution; the approach to survey design described below assumes such a
distribution.  If, based on site operating history or the results of preliminary
surveys, there is reason to believe there may be unusual localized contamination
patterns, the licensee should supplement the survey with samples from randomly
selected points in the area of suspect localized contamination.

Structure Surveys

Affected Areas

At a minimum, the floors and lower walls of affected areas should receive 100%
coverage during the final status survey. The coverage provided for upper walls
and ceilings will be dependent upon the contiiination” ‘potential for these surfaces.

The survey measurements for surface activity will consist of a combination of
surface scans, direct measurements, and measurements of removable activity.
Procedures for performing these measurements are described in Section 6.4

Scans of 100% of affected area floor and lower wall surfaces are performed for
all radiations which may be emitted from the radionuclides of interest. Locations
of areas of elevated activity are identified and direct measurements are performed
to define their extent and activity levels. Residual activity which exceeds 3 times
the guideline value results in external radiation in excess of 2 times the guideline
value above background at 1 m from the surface, or results in an average activity
above the guideline value in any contiguous 1 m? area (refer to Section 8.5.2 for
averaging procedures) should be remediated until these conditions are satisfied.

Once all identified elevated areas are evaluated and cleaned up as necessary,
systematic measurements of surface activity are performed. If the scanning
technique has been demonstrated to have a detection sensitivity for the
radionuclide or radiations of interest at < 25% of the guideline level, systematic
measurements are performed at a spacing of 2 m or less to provide at least 30
data point locations. A recommended approach is to obtain data from grid line
intersections (see Figure 4-3) or grid block centers. If the detection sensitivity
of the scanning technique is not < 25% of the guideline value, systematic
measurements are performed at | m intervals.



fant Jany

79 P @ — o—

oo A A Py A
St — N\ v AN R,
N far s ‘ ) ' Jaal @ D
5‘@ A é T \r -
+ D o fa fa o far Sl N
. P \uwy — .y .
B oy Vo~ FaaY /3 Jaa)
3¢9 \'ran \ /4 o @ \evs

c D E F G H

@ MEASUREMENT LOCATIONS IF SCANNING TECHNIQUE
IS CAPABLE TO DETECTING < 25X OF GUIDEUNE LEVEL

Oumm LOCATIONS IF SCANNING TECHNIQUE
IS NOT CAPABLE TO DETECTING < 25% OF GUIDELINE LEVEL

FIGURE 4-3: Standard Measurement/Sampling Pattern
For Systematic Grid Survey of Structure Surfaces



The number of data points required to demonstrate that the confidence level of
the survey satisfies the 95% objective for a survey unit, is a function of the
average and vanance of the data. Following the procedures in Sections 8.5 and
8.6, the need for any additional measurements is determined; if additional
measurements are required, they should be obtained at approximately evenly-
spaced intervals throughout the survey unit.

Upper walls, ceilings, and other overhead surfaces which are suspected of having
residual activity at greater than 25% of the guideline value, based on operating
history and previous surveys, are surveyed in the same manner as floors and
lower walls. If there is no reason to suspect residual activity exceeding 25% of
the guideline value on these surfaces, a minimum of 30 measurement locations
each, on:vertical and horizontal surfaces where radioactive material would likely
accumulate;: (air exhaust vents and:horizontal’surfaces: where dust would settle)
. is selected.» To assure-a reasonable coverage of these*surfaces, an average of at
least 1:measurement location:per 20'm3:of: surface:area’should be selected. At .
each location-a 'scan of the:immediate’area:is’ performed-to’ identify the presence
of ‘any-elevated activity ‘levels;> followed - by’ the -measurement. If scans or
measurements-indicate residual activity'exceéding 25% of the guideline, the area
is considered potentially contaminated:-and ‘the surface- exhibiting such levels
-should:be surveyed in:the’same-manner- as floors‘and‘lower walls of affected

If gamma emitting radionuclides are among the potential contaminants, exposure
rate measurements at 1 m from floor and lower wall surfaces are performed at
a frequency of 1 systematic measurement per every 4 m’. If potential
contaminants did not include gamma emitters, exposure rate measurements should
be performed at a2 minimum spacing of 1 measurement per 10 m’.

Unaffected Areas

Scans of unaffected surfaces should cover a minimum of 10% of the floor and
lower wall surface area. At least 30 randomly selected measurement locations or
an average measurement of 1 per 50 m? of building surface area, whichever is
greater, for total and removable activity, should be performed for each survey
unit. These locations should include all building surfaces. Identification of
activity levels in excess of 25% of the guideline, either by scans or
measurements, will require reclassification of the area to the *affected” category.
Testing of the data relative to the confidence level objective is performed in the
same manner as for affected areas and any additional measurement locations
required should be selected randomly. Exposure rate measurements at 1 m from
the floor are performed at each location of surface activity measurement.
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Qpen Land Surveys
Affected Areas

As with structure surfaces, 100% coverage of affected open land areas (paved
surfaces and-soil) is necessary. Scanning is performed to identify locations of
elevated activity levels.. Areas of :suspected elevated activity, identified in this
manner, are evaluated by sampling and.analyses to determine their activity level
and area l.extent, and results. are- compared with: criteria- (see Sections 2.2 and

~ 8.5); cleanup is. performed, as required, and-scanning:repeated. After scanning
- has indicated -the:guidelines and:conditions:have:been satisfied, systematic soil

- _sampling:of-each:affected; area:grid:block-is: performed-at locations equidistant

' _.between, the centersand each;of:the four;grid-block:comners (see Figure 4-4). If

- scanningis;not.capable;:of: detecting:surface:areas.with activity levels < 75% of
- the; guxdehnejfvaluesgfor;,.me. ;radionuclides:of interest;yadditional sampling will be

req d:to, providesan:acceptable level:of iconfidence: that-locations of elevated

B va.cuvxty havg‘beennxdenuﬁed.,sAmBPA»procedurez(EPAnl989) recommends a

.. triangulae..grid ;with::agsampling intervalzof Symzon<a-side (enclosed area of

_;.‘appgoxxmatcly 10.8ym?)for.a:95 %:assurance-that elevatedareas in excess of 10
m? surface area are identified. By beginning with the standard systematic pattern
and including additional sampling points, located along the 10 m grid lines, at
block comers and centers, and:midway. between grid-block comers (Figure 4-5),
a. triangular- sampling -pattern -with - spacmgvof 5 m-or-less (enclosed area of
approximately 6.3 m?) is obtained.-. '

Paved surfaces are survcyed in the same manner as described above for structure
surfaces.

For both soil sampling and paved surface measurements, a minimum of 30 data
locations should be used. Data for each of these surface types are tested relative
to the guideline value and the confidence level objective, and additional
systematic sampling/measurement locations that may be required are obtained at
approximately uniformly spaced intervals throughout the survey unit.

Exposure rates are measured at 1 m above the surface on the pattern shown in
Figure 4-4.

Unaffected Areas

Unaffected open land area should be uniformly scanned for radiations from the
radionuclides of interest. Spacing intervals between scanning paths should be
such that a minimum of 10% of the surface is scanned. Soil sampling is
performed at a minimum of 30 randomly selected locations. Surface activity
measurements on paved areas are also performed at 30 randomly selected
locations. Identification of hot-spots or individual locations with activity levels
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4.2.4

in excess of 75% of the guideline value requires reclassification of the area as
"affected”.

Testing of results, relative to guidelines and confidence level objectives is
performed according to Section 8.6 and any additional samples/measurements
required are obtained at randomly selected locations in the survey unit.

Other Measurement/Sampling Locations

In addition to the building and land surface areas described above, there are
numerous other locations where measurements and/or sampling should be
performed. Examples include items of equipment and furnishings, building
fixtures, drains, ducts, and piping. Many of these items or locations have both
internal and external surfaces, requiring evaluation.

Each such location classified as affected should be scanned and individual
measurements and/or samples obtained at representative points.  Unaffected
locations can, as with the building and land surfaces in such areas, be surveyed
at lower frequencies, consistent with the contamination potential, the capability
of scanning techniques to identify activity levels at or above guidelines, and
findings as the survey progresses. Surveys of these types of locations are
discussed in more detail in Section 6.0.

Subsurface Sampling

At the stage where the final status survey is being conducted, contaminated
subsurface soil should already have been identified, characterized, and
remediated, if necessary. Subsurface activity data may be required for
determination of residual site inventory. In addition, if there is potential for
residual activity below the surface layer, the survey plan should include
subsurface sampling. The number and locations of samples should follow the
same pattern as described above in section 4.2.3 sampling depth of surface soil.
As an initial evaluation, samples may be collected at 1 m intervals, starting at the
surface and continuing to at least 1 m below the suspected or potential region of
activity. Shallow sampling may be conducted using manual equipment (post-hole
diggers, small-diameter split barrel or Shelby tube samplers, and portable hand-
operated or motorized augers). For depths below several meters, heavier
equipment, such as a drill rig with an auger and/or a core sampler will be
required. Use of electromagnetic sensing techniques, such as ground penetrating
radar and magnetrometry will assist in locating potential sampling areas and also
should be a safety consideration if buried utilities or containers of potentially
hazardous material (radiological or chemical) may be present. Use of a
subsurface sampling technique which results in a borehole or soil face, accessible
with a gamma sensitive detector, also enables scanning of the exposed soil surface
to identify the presence and distribution of subsurface activity.
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If a potential exists for activity to enter subsurface water, samples of water should
be collected (if available) from the same locations as the subsurface soil samples.

Knowledge of expected constituents is necessary when collecting subsurface water
to determine whether special precautions for sample handling and collection are
required to ensure representanve samples. Expertise of hydrology specialists and
those knowledg&ble in subsurface water sampling technique should be sought,

when such conditions are anticipated.

470



(Section 4.2.2) = —p=

Ciassity areas by

(Section 4.2.2) = —pw=

(Section 5.2.1)-

{Section 4.2.3) ~ —p

(Section 4.2.3) - —j

o~ e e - — - ;
contamination potential (Secton 4.2.1)
Establish survey Establish
reference system: : e~ - (Saction 4.2.2)
gridding not required grid system
Group areas into Group areas into
survey units survey units % ~(Section 4.2.2)
Determine capability Determine capabiiity
of scanning of scanning @~ -(Section 52.1)
Select
- Select systematic
systematic or random v " -
measursment/sampling mouur‘;mm‘ = ~{Section 4.2.3)
locations
identity additional identity additional -
measurements/samples; moumm«m/umpiw‘- (Section 4.2.3)
Plan subsurface
investigations e~ ~(Section 4.2.4)
as appropriate
T
Document plan
Conduct survey - - e o (Section 6.5)
Evaluste resuits i = - - = - - — - = - (Section 8.0)
Resolve discrepandes andior
oonduct further surveys and
data evaluation, as appropriate
Prepare final status report el — — — — = — — - — — ~ — - (Section 9.0)

FIGURE 4.6: Flow Diagram for Planning Final Status Surveys

4.21






5.0 RADIOLOGICAL INSTRUMENTATION

Surveys for decommissioning will typically require the collection of two types of radiological
data: (1) direct field measurements using portable instruments and (2) sample analyses using
fixed laboratory equipment or systems. For either type of measurement, the selection and
proper use of appropriate instruments will likely be the most crmml factors in assuring that the.
survey accurately determines the radiological ‘status of the sitei“*Radiological -instrumentation
consists of two components — a radiation detector and the clectromc equipment needed to
provide the power to-the detector and“to dlsplay or-record-the’ ‘fadiation events. This section
identifies and very briefly-describes the types of radiation detectors and associated display or
 recording equipment-that-are applicable to- ‘survey-activities” l&dmg to license termination.

Information concerning: instrument selection,-application;-and use'is prowded in this section.

A checklist to assist the surveyor in selection of appropriate instrumentation is included at the
end of this Section. Additional information on survey techniques and laboratory procedures
using instrumentation described here is available in Sections 6.0 and 7.0 of this Manual.

5.1 Instrument Types

5.1.1 Radiation Detectors

Radiation detectors can be divided into three general categories based on
the detector material with which radiation interacts to produce a measured
event. These categories are:

1. Gas-Filled Detectors in which radiation interacts with the filling gas,
producing ion-pairs which are collected by charged electrodes. Gas-filled
detectors are usually categorized as ionization, proportional, or Geiger-
Mueller (GM), referring to the region of gas amplification in which they
are operated.

2. Scintillation Detectors in which interaction of radiation with a salid or
liquid medium results in a small flash of light (known as a scintillation),
which is converted to an electrical signal by a photomultiplier tube.
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3. Solid-State Detectors where radiation interactions with germanium or
silicon- semi-conductor material create ion-pairs which are collected by
charged electrodes.

The design and the conditions under which a specific detector is operated
determine the types of radiations (alpha, beta, and/or gamma) that can be
measured, the sensitivity level for measurements, and the ability of the
detector both to differentiate between different types of radiations and to
distinguish the energies of the interacting radiations. The particular
capabilities of a radiation detector will, in turn, establish its potential
applications in conducting a survey for license termination. Lists of
radiation_detectors, along with their usual apphumons are. provxded in
Tablc 5-1 through 5 3o e am R,

FES S R ST ’»’b
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5.1.2. . " Dsplayand Record:ng Equipment e
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Radxanon dctectors are connected to some typc of electromc devxce to (1)

. provxde Ay sourceﬁof,;power for.q detectot «operatmn?, and1i(2); enable

measurement . of .the. quanntyﬁandlor quahtym&tkmradmuonmmcnom

that are, occurnng ;in.the detector. .The-most common: reoordmg or display

- dcvxce used. for. radlanon .measurement. is - known .as; a;ratemeter. A

ratemeter .provides a display. on an analog: meter, representative of the

number, of . events occurring over some_time. period, -e.g: counts per
minute.

The number of events can also be accumulated over a preset time period
using a digital scaling device. The resulting information from the scaling
device is also events per unit time; however, the scaler provides a definite
value whereas the ratemeter display will vary with time. Also
determining the average level on a ratemeter will require a judgment by
the user, especially when a low frequency of events results in significant
variations in the meter reading.

Pulse height analyzers are specialized electronic devices designed to
measure and record the number of pulses or events which occur at
different energy levels. They can be used to record only those events in
the detector within a single range of energies or can simultaneously record
the events in multiple energy ranges. In the former case, the equipment
is known as a single-channel spectrometer; the latter application is
referred to as a multichannel spectrometer or multichannel analyzer.

5.2



¢S

TABLE 5-1

RADIATION DETECTORS WITH APPLICATIONS TO ALPHA SURVEYS

gas proportional

scintillation

solid state

Detector
Description

e oy

< | mg/cm? window; probe face
arca 50 to 1000 cm’.

<0.1 mg/cm’ window; probe face area
10 to 20 cm?

no window (internal proportional);
probe face area 10 to 20 cm?

ZnS(Ag) scintillator; probe face area
50 to 100 cm?

ZnS(Ag) scintillator; probe face area
10 to 20 cm?

Lucas scintillation flask

silicon surface barrier detector

Application

surface scanning; surface
activity measurement; field
evaluation of smears

laboratory measurement of
water, air, and smear
samples

laboratory measurement of
water, air, and smear
samples

surface scanning; surface
activity measurement; field
evaluation of smears

laboratory measurement of
waler, air, and smear
samples

laboratory measurement for
low levels of radium

laboratory analysis by alpha
spectrometry

Remarks
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TABLE 5-2

RADIATION DETECTORS WITH APPLICATIONS TO BETA SURVEYS

Detector
Type

) g’

gas proportional

Geiger-Mueller

scintillation

Detector
Description

<1 mg/cm? window; probe face
area 50 to 1000 cm?.

<0.1 mg/cm® window; probe face area
10 to 20 cm?

no window (internal proportional);
probe face area 10 to 20 cm?

1.4 mg/cm? window; probe area 10 to
100cm?

various window thickness; few cm? probe
face

liquid scintillation cocktail containing sample

b rr.p: . .
' Application

surface scanning; surface
»n:SQ measurement; field
a<»_:~:c= of smears

_ug_ﬁoQ measurement of
water, air, smear, and other
m»:_v_om

_»co::oc. measurement of
water, air, and smear
samples

wcn,mno mou.s_:n. surface
aclivity measurement;
laboratory measurement of
samples

uvoo.n_ mne:::n
applications”

laboratory analysis;

spectrometry capabilities

Remarks

better measurement
sensitivity for low
energy beta particles
than detectors with
windows




5.2 Instrument Detection Sensitivity

The detection sensitivity of a measurement system refers to the statistically
determined quantity of radioactive material or radiation that can be measured or
detected at a preselected confidence level. This sensitivity is a factor of both the
instrumentation and the technique or procedure being used. Typically, detection
sensitivity has been defined (EPA 1980) as that level above which there is less
than a 5% probability that radioactivity will be reported present when it is really
absent (Type I error) or reported absent when it really is present (Type II error).
This definition has been adopted for the purposes of this Manual.

Two terms used when referring to detection sensmvxty are_the lower limit of
detection and the minimum detectable activity (EPA 1980, CURRIE}I%S) The
lower limit: of detectionrxs an a priori‘estimated dcwctxon mpabxhty, related to
the charactcnstxcs of the. mstrumcntauon Mnmmum detectable activxty (MDA)
is'an g prxon snmgte .of the minimum:activity level which is practically
measureable: with: a specxﬁc instrument, and mphng and/or measurement
techmquc Of the two concepts, the MDA is used in thisiManual for radiological
survey apphmmons The basic relationship for csnmatmg the MDA is:

MDA = KQ2.71 + 4.65 sy) , (5-1)

where

i

K a proportionality constant relating the detector response (in counts)
to an activity concentration.

s, = the standard deviation of the background count.

Several practical radiological survey applications of this relationship are presented
here.

5.6
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For an integrated measurement over a preset time, the MDA for surface activity
can be approximated by:

(5-2)
271 + 465 /B, * ¢
MDA = " -
L e E [ JESE
100
where
MDA =  activity level in disintegrations/minute/100 cm?
By =  background rate in counts/minute
t =  counting time in minutes
E = detector efficiency in counts/disintegration
A = active probe area in cm?-
Sample Calcylation:
By = 40 counts/minute
t = ] minute
E = (.20 counts/disintegration
A = 15cm?

MDA=2TL * 4.65/30 < 1

L 020 e 115

= 1100* disintegrations/minute/100 cm?
* Rounded to two significant figures.
The MDA of a ratemeter instrument for surface activity measurements can be

approximated by taking twice the time constant of the meter as the counting time
and using the relationship (KNOLL 1979):

5.7



(5-3)

where
MDA = activity level in disintegrations/minute/100 cm?
By =  background rate in counts/minute
t. = meter time constant in minutes
E = detector efficiency. in counts/disintegration
A =  active probe area.in cm?

" Sample Calculation: (for ¢, = 4 seconds)

_4.65/3072 < 0.0667
020 5
° 100

MDA

2700* disintegrations/minute/100 cm?

- Rounded to two significant figures.

Scanning

The ability to identify a small region or area of slightly elevated radiation during
surface scanning (refer to Section 6.4.2) is dependent upon the surveyor’s skill
in recognizing an increase in the audible output of the instrument. Experience
has shown that a 25% to 50% increase may be easily identifiable at ambient
background levels of several thousand counts per minute, whereas, at ambient
levels of a few counts per minute, a two to three fold increase in the audible
signal is required before a change is readily recognizable. The detection
sensitivity of scanning is dependent upon a number of other factors, such as
detector speed, size of elevated activity region, level of activity, detector/surface
distance; therefore, the ability to detect an elevated region of activity using a
particular survey scanning technique should be determined empinically. A rough
estimate of the MDA can be calculated by substituting the audibly discernable
increase in count rate for the numerator in equation 5-3.



B,

Il

40 counts/minute
E = 0.20 counts/disintegration
A =15cm?
Three times the background rate (B,) is audibly discernable as an increase in

instrument response by the surveyor using the particular technique selected for the
procedure.

3 e B,
MDA » —— % _

020 o L3
100

= 4000 disintegrations/minute/100 cm?

Additional factors may be mtroduced into the alculauon for estimating detection
sensitivities for. laboratory analysu . Examples of such factors are chemical
recovery, sample size, and emission abundances for. specific radiations of interest
in the analytical process. An example of a calculation for a typical lab procedure
for soil analysis would be:

vpa - 2T+ 465 JByer (5-4)
teEeSeYe222

where

MDA activity in pCi/g

background rate in counts/minute

counting time in minutes

detector efficiency in counts/disintegration

samples size in grams

other factors such as percent chemical recovery and number
of emissions of radiation being measured per disintegration
of the radionuclide -

conversion from disintegrations/minute to pCi.

< W
BoW WU W N

U

2.22
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é

Ba = 2 counts/minute
t = 30 minutes
E = (.02 counts/disintegration
S = 750 grams
Y = 0.25 (emissions per disintegration)

MDA = 271 + 4.65/2 « 30

30 « 0.02 ¢ 750 « 0.25 « 2.22
= .55 pCilg
N N L - . .

nisry

In application, the system should be apablc of mwumf levels below 75%, and
preferably at or below 10%, of an cstabhshed gmdclme value It should be noted
that many-of the radxologxcal mstrumcnts and momtonng techmques typically used
- for applied health- physics actmtm in’ an opcranng facxhty may not provide the
detection" sensitivities™ nec&ssary to demonstrage qomp’ﬁi’nce with the guideline
levels for license termination. As described above parameters which will
determine the detection sensitivity of a system ‘are background level, detection

efficiency, measurement (or counting) time, and sample size or area.

The detection sensitivity for a given application can be improved, (i.e. lowered)
by (1) selecting an instrument with a higher efficiency or a lower background; (2)
increasing the counting time; (3) increasing chemical recovery; and (4) increasing
the size of the sample or the effective probe area. Increasing efficiency,
recovery, and sample or area size has the effect of lowering the MDA in direct
proportion to the amount of change. For example, selecting a detector with twice
the active probe area will decrease the MDA by a factor of 2 (assuming all other
parameters remain unchanged). Changes in background rate or counting time
effect the MDA proportional to the square root of the change. If, for example,
the background rate is increased by a factor of two and all other parameters
remain unchanged, the MDA will be increased by a factor of /2 or 1.414;
doubling the counting time has the net effect of lowering the MDA by a factor
of 1.414. Tables 5-4 through 5-6 provide information on the approximate
detection sensitivities for some of the commonly used field Survey instruments
using nominal background levels and detection efficiencies as well as standard -



5.3

survey procedures. Information on detection sensitivities for laboratory
procedures is provided in Section 7.0.

Instrument Selection and Use

Radiological conditions that should be determined for license termination purposes
include total surface activities, removable surface activities, exposure rates, radionuclide
concentrations in soil, and/or induced activity levels. To determine these conditions,
field measurements and laboratory analyses may be necessary. For certain radionuclides
or radionuclide mixtures both alpha and beta radiations may have to be measured. In
addition to assessing the average radiological conditions, small areas with elevated levels
of residual contamination should be identified and their extents and activities determined.
With so many variable applications, it is highly unlikely that any single instrument
(detector and readout combination) will be capable of adequately measuring all of the
radiological parameters. reqmred to demonstrate that criteria for unrestricted release have
been satisfied. Itis usually necessary therefore to select mulnple instruments to perform
the variety of mwurcmcnts reqmred :

Selection of mstruments will requxre an evaluanon of a number of situations or
conditions. Instruments must be stable and reliable under the envxronmenta.t and physical
conditions where they will be used, and their physical characteristics (size and- weight)
should be compatible with the intended application. The instrument must be able to
detect the type of radiation of interest, and must, in relation to the survey or analytical
technique, be capable of measuring levels which are less than the guideline values.
There are numerous commercial firms, offering a wide variety of detectors, readout
devices, and detector/readout systems, appropriate for measurements described in this
Manual. These vendors can provide thorough information regarding capabilities,
operating characteristics, limitations, etc. for specific equipment.

This Section provides assistance on selection of instrumentation for surveys associated
with license termination. A flow chart (Figure 5-1) and checklist to assist the Manual
user in the instrument selection process are included at the end of this Section.

This section describes the primary applications of instrumentation to field radiological
measurements for license termination surveys. The reader should refer to Section 7.0
for information on laboratory applications.
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KAU0N

When conducting a final status survey, two basic questions are to be answered:
(1) Is the average residual activity level below the established guideline value?

(2) Do small localized areas (elevated areas) of residual activity in excess of the
average guideline value, satisfy the established conditions
(Section 2.2)?

This latter issue is the one that experience has shown is often inadequately addressed.
The reason is that these smaller areas of residual activity typically represent a very small
portion of the site, and random or systematic measurements or sampling on the
commonly used grid spacing has a very low probability of identifying such small areas.
For this reason a survey technique called scanning is used to locate areas of activity that
are above ambient or general site levels before actual measurements‘are conducted. This
scanning technique should employ the most sensitive mstrumentanon available.

For gamma radxanon smnmng, a scmnllauon detector/counuate meter combination is the
usual instrument. of:.choice.- A large-area proportional ‘detector -with a ratemeter is
recommended for scanning for alpha and beta radiations where surface conditions and
locations permit; otherwise an alpha scintillation or- thin-window GM detector for beta
may be used, When scanning, the detector is kept as close to the surface as possible (1
cm is a distance: typically considered practical) and'moved at a slow speed, noting any
increases in radioactivity level by changes in the audible signal from the instruments
headphones. Additional details on scanning procedures are provided in Sections 6.4.2
and 6.5.2.

For fixed measurements of radiation or radioactivity levels the recommended instruments
are:

Alpha - Proportional detector or ZnS(Ag) scintillator with portable digital scaling
meter.

Beta - Proportional detector or pancake GM detector with portable digital
scaling meter.

Gamma- Pressurized ionization chamber (PIC) is preferred for exposure rate

measurements if portability is not a concern. Otherwise, Nal(Tl)
scintillation detectors with countrate meters, cross calibrated to a PIC or
calibrated for the energy of interest.

Additional information on performing such measurements is presented in Sections 6.4.3
and 6.5.3. -

5.15



5.4

There are certain radionuclides which, because of the types, energies, and abundances’
of their radiations, will be essentially impossible to measure at the guideline levels, under
field conditions, using current state-of-the-art instrumentation and techniques. Examples
of such radionuclides include very low energy, pure beta emitters such as H-3 and Ni-63
and low-energy gamma emitters such as Fe-55 and I-125. Pure alpha emitters dispersed
in soil or covered with some absorbing layer will not be detectable because the alpha
radiation will not penetrate through the media or covering to reach the detector. A
common example of such a condition would be Pu-239 surface contamination, covered
by paint, dust, oil, or moisture. In such circumstances sampling and laboratory analysis
are used to measure the residual activity levels.

Instrument Calibration

Each instrument must be cahbrated to enable the mdout (usually in counts or counts per
minute) to be converted to units in which the guideline levels _,arecxpressed Calibrations
should be traceable to National Institute of Standards and Téchnology (NIST) standards.
In those cases where NIST-traceable standards are not avallable, standards of an mdustry—
recogmzed organization- (e:g., the :New answxck Laboratory for various uranium
standards) may. be utilized. - The instrumentuser*may ‘decide’ to’ perform calibrations,
following industry-recognized procedures (ANSI 1978; NCRP 1978, NCRP 1985) or may
choose to obtain calibration by an outside service, such as a major instrument
manufacturer or one of the health physics services organizations.

Calibration for activity must be in terms of response to the 4x (total) emission rate from
the source. Calibrations for point-source and large-area source geometries may differ
and both may be necessary, if areas of activity smaller than the effective probe area and
regions larger than the probe area are present. Many instruments will have responses
which are dependent upon the energy of the radiation. This may be due to (1) the ability
of the radiation to penetrate the outer surface of the detector, (2) intrinsic interaction
probabilities for different energy regions, and (3) electronic instrument settings which
accept or reject pulses representing selected radiation types and/or energies. Because of
the variables involved, calibration should either be performed with the radionuclide of
concern or appropriate correction factors developed for the different radionuclides
present. In the case of energy-dependent gamma scintillation instruments which are
commonly used to measuré low-level gamma exposure rates, calibration for the gamma
energy spectrum at a specific site may be accomplished by comparing the instrument
response to that of a pressurized ionization chamber at different locations on the site.
If the energy spectrum varies at different site locations, calibration factors may also vary;
in such a case, a separate calibration is necessary for each such location.

It is recommended that field instruments be calibrated a minimum of semi-annually and
following maintenance, which could affect calibration. Pressurized ionization chambers
for gamma exposure rate measurement are calibrated every 2 years, as recommended by
the manufacturer.



Periodic checks of instrument response are necessary to assure that the calibration and
background have not changed. Following calibration, the background and response to
a check source is determined and an acceptable range of levels established. For analog
readout (countrate) instruments, a variation of + 20% is usually considered acceptable.
For instruments which integrate events and display the total on a digital readout, a series
(10 or more is suggested) of repetitive measurements of background and check source
response is performed, and the average and standard deviation of those measurements are
determined. An acccptable response range of the average + 20 or 30 is then established.

Instrument response (background and check source) is tested and recorded a minimum
of once daily — typically prior to beginning the days measurements — to assure
continued acceptable operation. If the instrument response does not satisfy the
established acceptable range; the instrument is removed from use until the reason for the
deviation can be detcnmned and resolved and acceptable response agam demonstrated.
If repair and/or mhbranon is ‘necessary, acceptable response ranges must be
reestablished and documcmed

e
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FIGURE 5-1: Flow Diagram for Selection of Field Survey Instrumentation
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CHECKLIST FOR FIELD INSTRUMENT SELECTION

Identify principle radionuclides of concern.

Determine radiations (alpha, beta, gamma) associated with potential contaminants.

Identify category of potential contamination (soil, building surfaces, piping and
other inaccessible interior surfaces, activated components).

Determine types of direct measurement radiological data to be collected (scans for
general conditions and identification of elevated activity levels, building surface
activity levels, exposure rates).

Establish guideline values for each radionuclide and category of contamination.
Develop site-specific guideline values as appropriate.

Calculate desired detection sensitivities of measurements.

Select instrument and survey techniques to achieve desired detection sensitivities.

Calibrate measurement systems.

Determine MDA for each instrument/technique sytem.

5.19






6.0 Survey Techniques

6.1 General Considerations

6.1.2

' procedures ‘The s survey plan descnbes th

The *survey should be conducted in” accordance thh ‘documented plans and
X ey objecuves, the design to meet
those objectives:” and the general approac to perfomung measurements and
sampling; the quahty assurance” plan” establishes the basis for assuring the
adequacy and quality of the survey data. Specific survey techniques are detailed
in procedures, which may be included in the plan or incorporated by reference.

Flow charts for conducting surveys of buildings and site grounds are provided in
Figures 6-1 and 6-2. Personnel conducting the survey should be trained and
qualified in the procedum they will use. Changes in plans and procedures will
frequently be necessary, based on 'unanticipated” findings or conditions
encountered as the survey progresses. The individual responsible for onsite
direction of the survey should have authority to make such changes; deviations
from plans and procedures should be documented.

Records

Records should be legible, thorough, and unambiguous. Records are prepared in
indelible ink, signed, and dated; records should be adequate to enable an
independent evaluation of the site status. Changes are made by striking through
the item to be changed with a single line, entering the corrected information, and
initialing the change. Where practical, survey data should be recorded on
standardized forms; other information, for which forms are not appropriate, is
recorded in a bound logbook. All data and supporting information, necessary to
substantiate the survey findings, are considered permanent legal records and, as

6.1



6.2

such, should be protected from damage or loss and retained for a time period
appropriate for such records.

6.1.3 Cross Contamination

Minimal residual activity should be present at a site at the time of the final status
survey. There is therefore usually little concern for direct exposure or personal
contamination during the survey. However, prudent standard contamination
control practices should still be followed to minimize the possibility of personal
contamination and to prevent cross-contamination of samples. Instruments and
equipment should not be allowed to come into contact with surfaces which might
contain loose activity; if they do, they should be cleaned and monitored.
Sampling equipment may retain deposits of the sample media. Visible material
can be removed by wiping with a cloth or. brush, followed by rinsing in clean
water. Gloves are recommended for those operations where hand contamination
is possible. Clothing, hands, and shoes should be periodically checked for
contamination, and good personal hygiene should be practiced. Avoid eating
dnnkmg, or smokmg in potennally contaminated areas; wash hands after activities
that may have resulted in skin contamination.

6.1.4 Allow for the Unexpected

Regardless of the effort devoted to the development of the survey plan, all
conditions, situations, and findings will not be as anticipated. Weather and site
surface conditions may require changes in survey procedures, patterns, and
schedules. Previously unknown areas of residual contamination, may be found.
Radionuclides which were not expected to be present at significant levels may be
identified. Be flexible and adaptable; be prepared to modify the plan, based on
situations and findings as the survey progresses.

Instrument Selection

Choose instruments which are reliable, suited to the physical and environmental
conditions at the site, and capable of detecting the radiations of concern. As a general
practice the instrument and survey technique should be able to measure a level of
radiation or radioactivity, i.e. have an MDA which is less than 25% of the guideline
value for structure surveys and less than 75% of the guideline value for open land
surveys, and, preferable, as low as 10% of the guideline value. The instrument must be
calibrated for the radiations and energies of interest at the site; this calibration must be
referenceable 10 an accepted standards organization such as NIST. Routine operational
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6.4

checks of instrument performance are conducted to assure that the background and
response are maintained within acceptable ranges.

Establishing Background Levels

NRC guideline values for residual activity are levels above thc naturally occurring
background. It is therefore necessary to determine the site background levels of direct
radiation and radionuclide concentrations in soil, to enable a comparison of site
radiological conditions with the acceptable guideline values. Additional information on
determining background levels is provided in Section 2.3.1.

Building Surveys -

6.4.1 Preparations ' R

Preparations for: surveys of buxldmg surfaces mvolve accessmg the surfaces of
'mterest and estabhshmg a survey' refcrenqe system._ mgcmmn for movement
- actionis o’ ‘obtain access to potennally eontammanon ‘surfaces, e.g. rcmovmg wall

and floor:coverings,-including paint‘and wax or s&ler, and opening drains and

ducts, should be‘initiated when required to'enable representauve measurements
of the contaminant. If alpha radiation or very low energy beta radiation is to be
measured, the surface must be free of overlying material, such as dust and water,
which would attenuate the alpha particles. Preliminary measurement should be
conducted to ensure that such prepamuon will not resuit in spread of
contamination.

The reference grid is then established, where appropriate, based on the
contamination potential classification of the area (Section 4.2.1). Grids may be
marked by paint chalk line, or markers at grid block comers. Consideration
should be given to the physical condition and future use of the facility in choosing
a grid marking system, such that major cleanup for its removal will not be
required during restoration.

The final preparation step is to develop scale drawings of the survey areas,
indicating facility features and superimposing the grid reference system.

6.3
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6.4.2 Scanning

Before conducting any fixed measurements, surfaces are scanned to identify the
presence of elevated direct radiation which might indicate residual gross activity
or hot-spots. Scans are conducted for all radiations potentially present, based on
the operational history.: The scanning detector is kept as close as possible to the
surface and moved-across the surface at a slow speed. : Nominally, the distance
between-the detector and. the surface is maintained at less than two centimeters,
with exception of alpha scanning for which the distance should be less than 1 cm.
For particulate radiations, (alpha and beta) which may have very limited ranges,
the scan speed should not exceed 1 detector width per second; this speed should
be reduced to as low as 1/3 detector width per second for those situations when -
relatively low count rates may be indicative:ofresidualyidctivity exceeding
guideline values. For gamma radiation the scanning speed may be greater; the
<« probe is typically moved in a serpentine pattem while advancxng ata spwd of
7 about 0.5 m per second. protiyre et ™

‘_Fon optimum _detection, sensitivity,..Changes. in.the . mstrument response are
'momtomd,m&mc audlble c.output (use. of,hadphon&_g is reccommended), rather than
by pbserymg ﬂuctuanonsfm the analoggmeter reading...This use of an audible

EL SO 3 -E

sxgnglﬁngebggggi« oncern.f -.the, time..constantrelated..to. the meter response.
Locations.of direct mdxauon, discernable.above the, ambxent level (typically 2 to

3 tm;p thc,amblenh count mte), gmarked :on facxhty maps and identified for
 further.measurements and/or. samplmg e g

An xmponant factor in. evaluatmg the potennal eﬁ’ecnveness of scanning in

~ identifying the presence of hot-spots is the detector. sensitivity of the scanning
techniques (see Section 5.2). The survey plan.and.final status report should
include information on the sensitivity of the scanning technique.

6.4.3 Direct Measurements

To conduct direct measurements of surface alpha and beta activity, instruments
and techniques providing the required detection sensitivity (Section 5.0) are
selected. Experience has shown that a 1 minute integrated count, using a large
area (100 cm?) detector, is a practical field survey procedure and will provide
detection sensitivities that are below most guideline levels. At the stage of the
final survey little residual loose activity should be anticipated, and unless scanning
has indicated the presence of gross activity, the probe can normally be placed in
direct contact with the surface, without concern for contaminating the instrument.

6.4



All potential radiations should be measured. Some radionuclides or decay chains
i.e. natural uranjum and natural thorium, may emit more -than one type of
particulate radiation, i.e. alpha and beta particles. Although alpha radiation may
provide a measure of the activity level of such materials, the alpha radiations may
be attenuated by overlying dust.and moisture, or due.to imbedding in porous
surfaces; in such cases the beta radiation associated with these same radioactive

materials will be a better indicator. of -the true activity level. Because of the

difficulties inherent in measuring -alpha radiations on dirty or covered surfaces,
reasonable efforts should be made to clean the surface or remove coverings prior
to survey. :

j,Surfac:e. acnvxty measurements' are pcrformed at: systemanwly and randomly
~_selected locations . (Secuon 4.2.3) and:at locations:of::elevated direct radiation,

" identified: by. surface..scans. .- If, the.:measurementzexceeds an action level,

determined on the basis of the. potcnnakcontamxnant and:the detector and survey

parameters, the location is noted for further remediation or resolution. Localized -
,swmmg and .measurements are: rcpated aﬁe:,anyzaddmonal rem“edxanon 5

wLE

RN DU o S

k';Gamm cxposurc “rate :measurementsiare- conducted: at 1 m above the floor at

. systematically.and:randomly selected: locations: (Section'4:2.3) and at locations of

N ‘_elevated radxanon, xdenuﬁed by area’ gamma sams zen

6.4.4

Remaovable Contaminatlon Measurements

Sma.rs for rcmovable surfaee actmty are obtamed by wiping an area of
approximately 100.cm?, using.a dry filter: paper,:such as Whatman 50 or
equivalent, while applying- moderate : pressure. - A. 47 mm diameter filter is
typically used, although, for surveys for low-energy: beta emitters, smaller sizes
may be more appropriate because they:can be:placed directly into a liquid
scintillation vial for counting. Small pieces of styrofocam are occasionally used
for smears for tritium. A smear for removable contamination is obtained at each
location of direct surface activity measurement.

For surveys of small penetrations, such as cracks or anchor-bolt holes, cotton
swabs are used to wipe the area of concern. Samples (smears or swabs) are
placed into envelopes or other. individual containers, to prevent cross-
contamination while awaiting analysis. Smears for alpha and medium- or high-
energy beta activity can be evaluated in the field by counting them on an
integrating scaler unit with appropriate detectors; the same detectors utilized for
direct measurements may be used for this purpose. However, the more common
practice is to return the smears to the laboratory, where analysis-can be conducted
using more sensitive techniques.
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6.4.5 Samples

Samples from.a variety of locations may be required, depending upon the specific
facility conditions and the results of scans and direct measurements. Inaccessible
surfaces:cannot be ‘adequately evaluated by direct ‘measurements on external
surfaces alone; therefore those locations which could contam residual radioactive
material should:be ‘accessed for survey.- Resxdue can be collected from drains
using.a piece of wire or--plumbers "snake™ ‘with ‘a’ strip-of cloth attached to the
end; deposits on the pipe interior can be loosened by séraping with a hard tipped

tool that can be inserted into the drain opening. Particular attention should be

.. givento :"low-points” -or- "traps"- where’ acnvuy"would hkcly accumulate. The
2ze need:for:further internal : momtonng ‘and samphng»xs determmed on the basis of
. amscresidue: sampl&t«andtduect measiiremeénts at the_ inlet; outlet cleanouts, and other _

- 13 access pomts torthespipe” mtcnor 26 ELEt R *:‘9‘;’

i &'g bady poyses oiie Soersd f\i 33}{\*‘3 [4

s Vo RN

LI TRER 3

emdnahactmty ‘willzoftens: accumulatefm‘

‘“cracks and Jomts m the floor- These-
are sampled by scraping the crack or joint with a pomted tool, such as a

. screwdriversior:chisel=»SamplesTofiithe ‘residué*can’ ‘then"be analyzed; positive

. i _resultss;of ) suchsant fanalysis'- may>irdicateLpossiblé™siibfloor contamination.
Checking:for.activity:below-the flooriwill‘réquire acéessirig a crawl space (if one -
is present) or removal of a section of the ﬂooring Coring, using a commercially
available unit, is a common approach to accessmg the subﬂoor soil. After the
core, ranging in:diameter:froma few‘cm:t6'20 cm#is'iéfioved; *direct monitoring
of the underlymg surface can be performed and sampl& of soil collected.

Conng ‘i8: also useful for collectmg samplu of ‘construction material which may
contain activity,:which has-penetrated-to below. the“surface, or activity, induced
by neutron activation. This type‘of sampling is"also‘applicable to roofing material
which::may contain-imbedded or-entrapped’contaminants. The profile of the
distribution and-the total radionuclide content can be determined by analyzing
horizontal sections of the core.

If residual activity has been coated by paint or some other treatment, the
underlying surface and the coating itself may be contaminated. If the activity is
a pure alpha or low-energy beta emitter, measurements at the surface will
probably not be: representanve of the actual residual activity level. In this case
the surface layer is removed from a known area - usually 100 cm? - using a

commercial stripping agent or by physically abrading the surface. The removed
coating material is analyzed for activity content and the level converted to units
of dpm/100 cm? for comparison with guidelines for surface activity. Direct
measurements are performed on the underlying surface, aftcr removal of the
coating.
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6.5 Grounds Surveys

6.5.1

Preparations

Similar considerations and actions to those taken for building surveys are
necessary for preparing for surveys of site grounds.. Equipment and materials
which restrict surface access should be relocated; heavy ground cover should be
removed and areas of standing water drained. (Samplingand analysis of standing
water may be necessary to assure that it does not contain radioactive
contaminants.) The reference grid is then established, as appropriate, based on
the contamination' potential -of the-area (Sections4.2.1 and 4.2.2). Grids are

usually marked by-wooden-or metal stakes, driven“into'the surface at grid line -

intersections. -Where.surface coverings prevent installation of stakes, the grid

‘  intersection.can be: marked- -by painting::-The last:step-in site preparation is to

6.5.2

prepare scale drawmgs of the survey-areas,-indicating ~facxhty fwmres and the”

grid reference systems.

Scanning

,]Pno: to samplmg, surfaces are gamma mnned to- identify the presence of
_elevated direct radiation, which might indicate residual gross activity or hot-spots.

The most sensitive detection system available is used for these scans. The
detector is kept as close as possible to the surface and is moved back and forth,
while walking over the surface at a speed of about 0.5 m per second. For
optimum detection sensitivity changes in the instrument response are monitored
via the audible output, rather than by noting fluctuations in the analog meter
reading. Locations of direct radiation, discernable above the ambient level, are
marked on facility maps and identified for further measurements and/or sampling.

In addition to the gamma scans, paved areas are scanned for alpha and/or beta

radiations. The same techniques are used as described in Section 6.4.2 for scans
of building surfaces.
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6.5.3 Direct Measurements

6.5.4

Direct measurements of surface activity levels are performed on paved surfaces,
following the procedures described in Section 6.4.3 for building surfaces.

Exposure rate measurements are conducted at 1 m above the ground at systematic
and random: locations- (Section” 4:2.3) ‘and at locations of elevated radiation,
identified by area gamma scans. - For high-energy gamma emitters, for which the
predominant exposure pathway is direct gamma radiation (for example Co-60 and
Cs-137), the exposure rate measurement above may be sufficient to demonstrate
the guideline is satisfied:. Some:limited:sampling will, however, be required to ™

- identify the radionuclide and. to. demonstrate-that the residual activity is distributed
.in_ the surface-layez, of;soil. » ~Measurements of- alpha”and beta radiations on soil
-~ surfaces: are: :generally not- mumngfuhand -are’ therefore not recommended for
- surveys to: determine the-final site status«“f' Ve s e

 mmefaie e

Removable Activity Measurements

It is unlikely that outside surfaces, exposed to wmd and rain, will have significant

- levels of-removable surface activity: If: removable acnvxty is suspected smears

6.5.5

or:swabs: may be obtained and cva.luated as descnbed m Sectlon 6.4.4.

Soil Sampling

Surface soil  samples are collected from the top 15 cm of soil at locations
established in Section 4.2.3. A sample size of approximately 1 kg is usually
desirable, if gamma: spectrometry is to be performed; if only wet chemistry
analyses are to be performed, a sample size of 100 grams or less may be
adequate, depending upon the specific laboratory procedures and the detection
sensitivities required. - The possibility of compositing certain groups of samples
should also be considered when determining the quantity of sample to be
obtained. Sampling may be conducted using a variety of simple hand tools, such
as a shovel or trowel. If the sample is to be representative of a known surface
area (for example when distribution patterns from airborne activity are of

- interest), special "cookie-cutter” type tools are used. Sampling tools are cleaned

and monitored, as appropriate, after each use.
If there is a potential for soil activity beneath paved surfaces, the surface can be

removed by coring and the underlying soil sampled, as described above for
surface soils. -
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Grass, rocks, sticks, and foreign objects are' removed from soil samples to the
degree practical at-the time of 'sampling. If there is reason 10 believe these
materials contain activity they should be retained as separate samples.

Locations of known or suspected subsurface activity are sampled using the same
grid block spacing and systematic pattern-as used for surface areas of high
contamination-potential.. Subsurface soil may be sampled using portable manual
equipment or, if the samplmg depth is greater than several meters, heavier truck-
mounted sampling rigs. For “shallow subsurface sampling the hole is advanced
to the desired startmg depth,"using a post-hole digger, shovel, twist auger,
motorized auger, or punch-typc shelby tube sampler. Loose material is removed
from the hole and the samplc “collected over the next 15 or 30 cm depth.
Continuous coring samplers~or spht-barrel samplers, advanced through hollow-

stem augers, are usually. {iséd;for.obtaining-deeper- subsurface ‘samples. The

entire core can be retained-and'monitored; intact, to determine if layers of activity

are present, or sections of the.core can be removed for analysis. Unless there is
prior information regardmg*the&dcpth and  distribution of subsurface activity,

samples-should- be- obtamed‘"‘at approximately 1 m intervals from the surface to -

below the suspected depth of :the.residual activity. Samples.of subsurface water
should also be collected, _where’ avanable, to assist in evaluation of the migration
of activity into the water table;f expertise in such sampling should be sought to
assure the validity of the rcsultm .data. o,

Gamma logging of boreholes 1§__performed to identify the presence of subsurface
deposits of gamma-emitting- radxonuchdu A sensitive gamma detector such as
a Nal gamma scintillation “probe’is” “lowered into the hole and a count rate
determined at about 0.3 to 0.5 m intervals. The sensitivity and specificity cf this
technique may be improved by placing the detector inside a shielded collimator
assembly.

As was indicated in Section 4.2.5, electromagnetic sensing techniques are useful
in locating potential areas of subsurface activity, due to buried piping, tanks, and
former waste disposals. These techniques also increase surveyor safety by
identifying buried utilities or containers of potentially hazardous material
(radiological or chemical) which the surveyor will want to avoid disturbing.

Federal, state, and local agencies may have regulations restricting the drilling of
boreholes and requiring special handling of dnlhng spoils and backfilling of
holes. Surveyors should consult these agencies before initiating subsurface
investigations.
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7.0 SAMPLE ANALYSIS

7.1 Introduction

. Samples collected: dunng surveys. for:decommissioning- purposes should be analyzed by -
~ trained mdrvrdua!s using-the appropriate. eqmpmcnband proccdurcs ¢ This manual
assumes, that the.samples taken during:the survey:will:be'submitted:to 'well—estabhshed

.

_laboratory. or, analysrs, .using:either-in-house:or-contractor: laboratory sérvices. Whether
_ the_ licensee. uses:-in-house:.or:contractor: laboratoryzsupportwthci‘e* should be written

procedures that document the. laboratory’s analytrml'mpabrhtres ‘fof“the radionuclides of

) rnterest and QA/QC program whrch assures: the vahdrtysot‘ the ahhlynml results.

7.2

The most commonly used radratron detecuon* m&surrng::- equrpment for survey field
applications has been described in Section 5.0. Many of those general types of devices
are also used for laboratory analyses, usually under more controlled conditions which
provide for lower detection limits and greater:delineation®betweenradionuclides.
Laboratory methods often also involve combination of both chemical and instrumental
technique to quantify the low levels expected:.to .be:-present in-samples from
decommissioning facilities. This section describes-laboratory methods applicable to most
types of radiological surveys supporting license termination to assist the Manual user in
selecting appropriate procedures for specific applications.

Prior Considerations

To reemphasize the pornt made in Section 3.0, a thorough knowledge of the radronuchdes
present, along with their chemical and physical forms and their relative abundance, is a
prerequisite to selecting laboratory methods. With this information, it may be possible
to substitute certain gross, that is, nonradionuclide specific, measurement techniques for
the more costly and time-consuming wet chemistry separation procedures, relating the
gross data back to the relative quantities of specific contaminants. The individual
responsible for the survey should be aware that chemical analyses require lead times
which will vary, according to the nature and complexity of the request. For example,
a lab may provide fairly quick turnaround on gamma spectrometry analysis because
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computer-based systems are available for interpretation of gamma spectra. On the other
hand, soil samples  which must be dried and homogenized will require much longer lead
time. Some factors influencing the analysis time include (1) the nuclides of concern, (2)
the type of samples to be analyzed, (3) the QA/QC considerations required, (4) the
availability of adequate equipment and personnel, and (5) the required detection limits.

For relatively, simple analyses, such as gross alpha and gross beta counting of smears
and water samples, liquid scintillation spectrometry for low-energy beta emitters in smear -
and water samplés, and gamma-spectrometry of soil, it is usually practical to establish
in-house laboratory capabilities. The more complicated and labor-intensive procedures,
such as alpha spectrometry, Sr-90 and low-energy beta emitters (H-3, Ni-63, etc.) -
samples should be considered candidates for contract laboratory analyses.

_ Analytical methods;should be-capable of-measuring levels below the: ‘established release -

guidelines, detection. -sensitivities 'of -10-to 25%of the’ gmdelme should be the target.

‘Although-1 laboratories;will:state detection-limits; these limits are usuauy based on ideal
_ situations;;and;may.:notsbe-achievable:-under :actual “measurement - conditions. ~ Also,
.,remembcr that detection:limits are.subject:to variation: from sample to sample, instrument

;_ to. instrument,;;. and,pptooedute to -procedure:depending* i‘upon sample size, geometry,
. background,: instrument efficiency;: chenumlrrwoveryi"abundame of the radiations being

7.3

measured, counting time, self-absorptxon in the prepared sample, and interferences from
other radionuclides- present o

Sémple;le‘epﬁi)'atidh

- Various degrees -of sample preparation may be necessary ‘prior to direct measurement

and/or wet chemistry procedures. The only treatment for smears (ﬁlter papers) before
gross alpha/beta counting will be to wait- until short-lived naturally occurring radon
daughters, which may have been collected along with the other radionuclides of concern,
have decayed to negligible levels. For the Ra-222 and the Ra-220 series decay times of
4 hours and 72 hours, respectively, are typically used. If liquid scintillation analyses are
necessary, the smears may require oxidizing to separate the carbon-14 and tritium and
place it into a liquid form for analysis; or the smears may need to be cut into small
pieces before placing into the counting vial, to reduce the chances of attenuation of the
scintillations by the smear papers.

Soil and sediment sample preparation includes removal of sticks, vegetation, rocks
exceeding about 0.6 cm (1/4 inch) in diameter, and foreign objects. If non-volatile
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7.4

elements are the only contaminants of concern the samples are dried at approximately
110° C for a minimum of 12 hours; volatile radionuclides (H-3, Tc-99, and iodides) must
be separated from the sample before drying to avoid loss of the radionuclide of interest.
Dried samples are homogenized by mortar and pestle, jaw crusher, ball mill, parallel
plate grinder, blender, or a combination of these techniques, and sieved to obtain a
uniform sample. Sieve sizes from 35 mesh to 200 mesh are recommended for wet
chemistry procedures. In addition, samples for chemical separations are also usually
ashed in a muffle funace to remove any remaining organic materials that may interfere
with the procedures. Sample weights must be determined after drying and ashing
procedures to enable referencing contamination levels back to weights of dry soil. To
reduce the number of analyses required, multiple systematic or random samples from the
same averaging region, i.e. equal aliquots from same grid block and same depth layer,
may be combined into one composite sample. Traceability of components in a composite
sample must be maintained, and the remainder of the individual samples should be

retained to enable their analyses, in case the average value suggests the possﬂnhty ofa.

hot-spot at one. of the systemat:xc or random sampling locations. =
Water samples are . usually prepared by ﬁltranon of ‘suspended matenal usmg a 0 45
micrometer filter and acidification with nitric or hydrochloric acid to a pH of less than 2.

This permits separate analyses of suspended and dissolved fractions and, if preparation

is not performed ‘promptly following collection, prevents loss of dissolved radionuclides
by plating ‘out on container surfaces.

Analytical Procedures

This section briefly describes specific equipment and/or procedures to be used once the
medium is prepared for analysis. The results of these analyses, that is, the levels of
radioactivity found in these samples, are the values used to determine the level of
residual activity at a site. In a decommissioning effort, the release guidelines are
expressed in terms of the concentrations of certain nuclides. It is of vital importance,
therefore, that the analyses be accurate and of adequate sensitivity for the nuclides of
concern.

An excellent source of information on a variety of topics, from detection equipment to
chemical procedures, is equipment vendor literature, catalogs, and instrument manuals.
Other references that should be considered are available from such organizations as
National Council on Radiation Protection and Measurements (NCRP), the U. S.
Environmental Protection Agency (EPA), the American Society of Testing and Materials
(ASTM), the American Society of Mechanical Engineers (ASME), the DOE Technical
Measurements Center (Grand Junction, CO), and the Environmental Measurements
Laboratory (EML, formerly the Health and Safety Laboratory) of the U. S. Department
of Energy (DOE). Table 7-1 provides a summary of the common laboratory methods
with estimated detection limits.
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7.4.1 Smear (Filter Paper) Counting

As a precaution against accidental contamination of the laboratory facility, it is
prudent to first screen smears by gamma spectrometry. or gross GM counting.
If little contamination is expected, all smears collected at the facility (or in a
particular survey area) may be assayed at once by placing all the smears on the
detector.  This will provide a broad..screen- for “expected and unexpected
contaminants. If contamination is detected, the smears should be recounted in
smaller groups until the contaminated smears are isolated. Since the procedure
is nondestructive, it will not interfere with subsequent analysis of the smears.
When performing. such .screening, - the smears should be left in their protective
envclopes to. avoxd Cross. contammanon ST T

. ﬁmamlmmmm The most popular mcthod for laboratory smear analysis
is to:.count, 0Oth:,gross:-alpha:: and -gross.beta ilevels=in a low-background -
propomonal} system;;:both;; automatica:sampler changer=and manual detector
instruments, are. used. «Such:systemsihave low:backgrounds, relatively good
,detvecup sensmvny,; and:the capability-of processingilarge quantities of samples™
in; a; short time. .Using counting: times:of sseveral>minutes, measurement
sensmvm&c 0f less;than:10:dpm alpha:and 20.dpm:beta:can be achieved. Filter
papers -can also be measured. using:'standard: field: instruments, such as alpha
scintillation and thin-window GM detectors with integrating scalers (see
- Section.6.0 - on. instrumentation):.. -»The:: measurement- sensitivities of such
4techmqua are not.nearly:.as:low:as the:low-background proportional system;
_ however, for 5-minute.counting times; alpha.and:beta:levels below 20 dpm and
- 100 dpm, respecnvely, can be measured. ::One of the: major drawbacks to such
a procedure is that it is very labor intensive. '

Filter papers can also be covered .with;afmin ;circle of tzinc. sulfide scintillator and
counted for gross alpha using a photomultiplier tube:attached to a scaler. While
such a system provides a sensitivity comparable to that of the low-background
proportional counter, it is not usually automated and is, therefore, a labor
intensive method.

Liquid Scintillation. Smears for low-energy beta activity (for example H-3,
C-14, and Ni-63) can be placed directly into a scintillation cocktail and counted
on a liquid scintillation spectrometer. The counting efficiency may be reduced;
but as a screening method, this process will yield reasonable results. With the
spectrum capability of the newer instruments, the analyst can (in most cases)
identify the specific beta emitter(s) present. The introduction of the sample into
the liquid scintillation medium produces quenching, a reduction in the efficiency
of the scintillator as a result of the introduction of the sample. To evaluate the
effect of quenching, an external standard may be used or a known amount of the
identified radionuclide (referred to as an internal standard or spike) may be added
to the sample after initial measurement and a recount performed to enable
.determination of the detection efficiency for the specific sample. It should be -
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noted that even with the identification of the nuclide(s) on the smears, this is sti.
a gross analysis; and cautxon is advised in trying to infer too much from this
information.

7.4.2 SodlSediment Analysxs

Qmﬁpgﬁmmﬁu After the soil or sediment has been prepared and placed
in an-appropriate-container, the samples are counted. The analysis of soil or
sediment is dependent ‘'on the radionuclides of interest. -If the contaminants could
include gamma emitters,:the:sample will:be analyzed using gamma spectrometry
(a non-destructive analysis that can identify and quantify multiple gamma-emitting
= nuclides):#:It=issprudent:to. subjectkatilmtﬁaﬁreprescntauve number of soil or
- - -sediment:samplesrto gammarsspecu'ahanalym,*‘s even:if no gamma emitters are
» asexpected;: ‘astiaxicheck:ron:: thexrehabmtyf*of ‘the:Cidentification of potential
ccontaminants: s+ Eithers2 solid-state - gexmamum"‘detectorswor —sodium iodide
scmullanonvdetectorsmy'be used;a‘sodiimtiodide’ system typically has a higher
-detectionzefficiency.:but:isinot able'to provide: the*resolution of the solid state
:detectorswhich is:capable ofiresolving} gamma photopuks havmg energies which
rdxffetebyias little-as:0:5:tor 1"ke Vet 70 @ls
sipl fdiee ommaEl oW s s
s Although sstate-of-the-art :systems*: mclude mherent ’computer-based spectrur
.~ analysis:capabilities, it:is:important-that-an experienced ‘analyst carefully revie.
-.eachs spectmmw:;bmusex zthe“*low concentranonsf typwally encountcred m
may not be mdxly apparent. Spectra ‘should also be rewcwed for gamma-
photopeaks, not previously identified as principal facility contaminants of
concern. Special‘attention should be given to those radionuclides which may have
difficult-to resolve:photopeaks;for: example Ra-226 (186.2 keV) and U-235
(183.7 keV), andselect, secondary- photopeaks' or daughter photopeaks for
calculations. - An example would be the use of a daughter in the Ra-226 decay
series, Bi-214 (609 keV peak), as an alternate for determining the quantity of
Ra-226 present. When using such an approach, it is also necessary that the
equilibrium status between the parent and the daughters be known.

Soil/sediment analysis by gamma spectrometry can be performed with relatively
large samples, using geometries, such as a 0.5-liter Marinelli beaker and 100 to
400 ml cans or jars. With counting times of one-half hour or less, many
commonly encountered radionuclides can be measured with measurement
sensitivities of several pCi/g when using such sample geometries.

Alpha Spectrometry. Radionuclides emitting primarily alpha particles are best
analyzed by wet chemistry separation, followed by counting to determine amounts
of specific alpha energies present. Samples are fused at high temperatures i
fluoride and pyrosulfate fluxes. This process ensures that all chemical species a.-
in an ionic state that is more readily dissolved. (The process of leaching certain
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chemical forms of radionuclides from the soil matrix has been found to be less
consistent than total dissolution of the sample matrix.) After dissolution, barium
sulfate is precipitated to carry the alpha emitters out of solution. The precipitate
is dissolved and the various nuclides are separated by oxidation-reduction
reactions. After final separation and cleanup, the nuclides of interest are co-
precipitated (with either neodymium or cerium fluoride) and collected on a filter
paper. This precipitate is then counted using a solid-state surface barrier detector
and alpha spectrometer.

A known amount of tracer radionuclide is added to the sample before the
chemical separation, to determine the fraction of the radionuclide recovered in the
procedure.: This also provides a "calibration” of the analytical system for each -
sample processed.’ Lower:limits of detection are’less than 1 pCi/g using standard -
- -alpha’spectrometry- methods Sample quannnes for such procedures are typically

a few grams or’ less o -
Idg_md_&;mmaﬁg_n < If-tritium-~is 2~ tadxonuchde of concerh, thie tritium is
separated*bytadding ‘a known- amount of low-tritium‘ water and-distilling the
sample to collect the moisture.”~An"aliqiot of-the collected moisture is then
placed in a scintillation cocktail and counted using a liquid scintillation beta
spectrometer. The activity is then related to the quantity of soil.in the sample
procedure or to the natural moisture content of the sample. Detection sensitivities
below 1 pCi/g can be obtained with this method. An alternate technique utilizes
an oxidizer to convert tritium to water vapor which is collected in a cryogenic
liquid bubble trap. This is a faster method, but the amount of sample which can
be processed is smaller and the sensitivity is, therefore, poorer than the
distillation method.

A recently introduced analytical technique uses liquid scintillation counting to
measure alpha-emitting contaminant concentrations. This system is known as
PERALS (photon electron rejecting alpha liquid scintillator). While it does not
provide the sensitivity and resolution capabilities of conventional alpha
spectrometry, the wet chemistry procedures are less rigorous and results are
obtainable in about one fourth of the time.

Other procedures. - Analysis of soil/sediment samples for most pure beta
radionuclides, such as Sr-90, Tc-99, and Ni-63, requires wet chemistry
separation, followed by counting using liquid scintillation or beta proportional
instruments. Each radionuclide (element) requires a specific procedure for the
chemical separation; such detail is beyond the scope of this manual and the reader
should consult the references given above for further information. As with the
alpha spectrometry techniques, a known amount of tracer is added to the sample
to determine recovery. Lower limits of detection of less than 1 pCi/g are
achievable using standard methods.
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7.4.3 Water Sample Analysis

Water samples- may be directly counted for gamma emitters using equipment
descnbed for soil/sediment samples. Because the guideline levels for unrestricted
use are much lower for water. than for soil, the larger sample volumes (1 to
3.5 liters) and longer count times (up to-12 or 16 hours) may be necessary.

Gross alpha and gross beta analyses are conducted as screening techniques by
evaporating a small (10 to_100.ml) volume of water to dryness and counting on
a low-background gas propomonal system.::Measurement sensitivities of 1 pCi/l
~ are obtainable.;Because of .the substantial sample thickness which may occur,
, self-absorpnon may}be stgmﬁmt and' corrections -will:be required. Samples
- containing. more:;than .13:p€i/l.: gross;:alpha:or;; So‘nglegross beta should be
analyzed for specxﬁc radionuclides. Care must.be; exercised when the water may

contain tritium, technetium, or other volanle radionuclides.  In such -
. Sircumstances, . direct. analyses-by, liquidsscintillation,or.a combination of wet

. chemistry.and. liquid.scintillation -may, .be:required..-Analyses for other specific
,radxonuchdes are conducted .in;a manner sumlar to that: for soil/sediment.
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8.0 INTERPRETATION OF SURVEY RESULTS

This Section describes methods for converting survey data to appropriate units for comparison
with guideline values and evaluating data, relative to conditions, established for termination of
the license. A flow diagram (Figure 8-1) and checklist are provided at the end of this Section
to assist the user in these: operations.

8.1 Data Conversion - -

Radiological survey datais usually obtained in units, such as counts per unit time, which
have no intrinsic meaning: relative to the guideline values. Therefore, the survey data
from field and laboratory measurements are converted to units which will enable
comparisons. Standard units used for expressing final status survey findings are:

J Surface Contamination =~ __dpm__ (disintegrations per minute per 100 cm?)

100 cm?
o Soil Radionuclide pCi/g  (picocuries per gram)
Concentration
o Exposure Rate uR/h (microroentgens per hour)

In performing the conversions it is necessary to know several factors; these are:

c
c¢/m

total integrated counts recorded by the measurement

total countrate from an analog (rate) instrument

time period (minutes) over which the count was recorded

count during recording period, due only to background levels of
radiation

background count rate on an analog instrument

detection efficiency of instrument in counts per disintegration
active surface area of the detector in cm?
mass of sample analyzed in grams

factor to convert a disintegration rate to activity units of picocuries, i.e.

dpm/pCi.
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These factors are used in the equations in the remainder of Section 8.1.
8.1.1 Surface Activity
A measurement for surface activity is performed over an area, represented by the

sensitive surface area of the detector. If the instrument display is in count rate,
i.e. counts per minute, the conversion to dpm/100 cm? is performed by:

~dpm__ _ (c/m - B/m) (100) (8-1)
100 cm? E \4)

For a technique using an integrated count on a"digital instrument the' conversion

i _-dpm Z (c=B): (100 L S (8-2)
- -=1003cm? -t E\vAu)n oo

The level of removable activity collected 'by-a“smear is calculated in the same
manner, except, the detector area correction factor, -1-3—0- , 18 dropped from the

equation because the smear is performed over a 100 cm? area and the detector
area correction is usually considered when determining the efficiency, leaving:

dpm = (c-B) (8-3)
100cm* t°*E ,

8.1.2 Soil Radionuclide Concentration

To determine the radionuclide concentration in soil in units of pCi/g the
calculation performed is:

ilg = (c-B) (8-4)
PCUg = T E e oM
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8.2

8.1.3

If the analytical procedure includes a wet chemistry separation, it will also be
necessary to correct for the fractional recovery (R), determined by a spike or
tracer added to the sample.

(8-5)

Exposure Rate

If an instrument, such as a pressurized ionization chamber or a "micro-R" meter
is used for measuring exposure rate, the instrument reading will be directly in the
desired exposure rate units of uR/h. A gamma scintillation or GM detector with

a count rate or digital scaling instrument provides data in units of counts per ~

minute or per some preset time, respectively. Conversion to uR/h is

accomplished, using calibration factors developed for the specific instrument and _

survey site. The background exposure rate is then subtracted from the total to
determine the net.level, attributed to. residual activity from licensed operanons
This net level is compared with the gmdelme value.

- efm e
RRlh - [c/m] L {c]m] " @8
uR/A nR/h

*Site specific calibration factor for detector.

Measurement Uncertainty

It is recommended (EPA 1980) that each reported value include an assessment of its
uncertainty. The rate of radioactive decay is not constant with time and is therefore
described by a Poisson probability distribution. Based on such a distribution, the best
estimate of the standard deviation (s) on a number of counts (c) is the square root of the
counts, i.e. .

s = e - 8-7)

and the standard deviation in a count rate over time (t) is therefore:

I | (3-8)

t
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8.3

The ratio of the standard deviation to the total count (s/c) obviously decreases with the

‘total count; in other words, the greater the number of counts recorded, the less the
relative uncertainty in the measurement.

For the majority of measurements conducted during a final status survey, the number of
counts due only to background will be a significant portion of the total count. The
background also has an uncertainty associated with it which is taken into consideration
by:

c B
s, = |— + — (8-9)
g2

where

2 S,

ity i the nme penod over whlch the backgtound count was detemmed

The standard devxanon or uncertainty in the count or count rate is converted to the same
standard units used-to express the measurement value, by use of the equanons provxded
in Section 8.1. For: survey and laboratory analytical data the uncertainty is usually given
at the 95% confidence level which requires multiplying the standard deviation value by
a factor of 1.96.

Unfortunately the uncertainty described above, commonly referred to as the “counting
error,” is only that due to the uncertainty in the decay process. Other sources of
uncertainty will be present in the measurement and in other parameters used in the
conversion calculations. Examples include the counting time, distance and area
measurements, instrument efficiency, laboratory weights and physical measurements (e.g.
pippetting), and chemical recovery factors. The total uncertainty associated with a
particular type of measurement can be determined empirically by performing repeat (6
to- 10.recommended) measurements of several selected locations and determining the
average and standard deviation of the data. This will provide an estimate of the upper
bound on the magnitude of systematic uncertainties. Additional guidance on identifying
sources of uncertainty and estimating their magnitude is provided in (EPA 1980).

Minimum Detectable Activity

The concept of detection sensitivities was introduced and discussed in Section 5. For the
purposes of thorough data presentation the minimum detectable activity (MDA) for each
measurement procedure (and each instrument if more than one instrument is used for a
given procedure) is calculated. Data from final status surveys will often be near
background levels and/or below the detection sensitivity (MDA) of the procedure.
Therefore negative data will be a frequent result of calculations. Use of the MDA for
data that has a value less than the MDA is a common practice accepted by EPA
(EPA 1989). This approach enables the surveyor to significantly reduce the number of
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8.4

calculations; however, use of the MDA, in place of actual data when calculating
averages, will bias the results on the high side and the true conditions of the site will not
be described. Substituting MDA’s for actual data will also result in overestimates of
source inventory and dose assessments, possibly leading to decisions for further actions
that may not be justified. Finally, when evaluating data distributions, i.e. in a normalcy
test, use of MDA’s will result in a skewed distribution and may lead to an incorrect
conclusion regarding the distribution. To avoid the pitfalls associated with use of
MDA's, it is recommended that actual data be presented and used for calculational
purposes. One exception to this approach might be the use of MDA's for averaging site
activity levels, when the MDA is small in comparison to the applicable guideline; for the
purposes of this manual, small may be considered as less than 10% of the guideline
value. : S :

Format for Data Presentation

All data from final status surveys should be presented in a format which provides (1) the
calculated surface activity or specific radionuclide’concentration value; (2) the estimated
uncertainty at the 95% confidence level for that value; and (3) the estimated MDA for
the measurement (EPA 1980). An example of such a format would be:

- - - Radionuclide Concentration (pCi/g)
Sample N e A SN T
D ‘ Activity . Uncertainty (95%. MDA
’ o confidence level)
001 6.1 1.5 0.6
002 -1.0 - L2 0.5
003 0.1 0.2 0.2 i
www

In expressing survey results, the number of significant figures is also of importance. The
reason is that data should be reasonable and not mislead or imply a false level of
accuracy in reported values. The appropriate number of digits in a value depends upon
the magnitude of the uncertainty attached to that value. In general, final survey data,
which are usually in the range of environmental data, seldom justify more than two or
three significant figures for the value and one or two significant figures for the
uncertainty (EPA 1980). The number of significant figures in the uncertainty is first
determined and the value is stated to the last place affected by the uncertainty term. For
example, if two significant figures are considered appropriate for the uncertainty, values
might be reported as: .

8.5



93 + 12
1060 + 130
033 + 0.17

If one significant figure is considered appropriate the same data would be reported as:

90 <4 10
1100 "+ 100
03 :t 0.2

To avoid truncation during calculanons, all figures should be retained during arithmetic
operations and the final results rounded to the desired number of significant figure.
Rounding is done by increasing the last digit by 1, if the value to be dropped is equal

to or greater than '4; if the value is less; than. !4, the last digit is leftas is.

JRRERN FRINV ARl N

8. 5 1 Removable Activity{ ) »
Data forfremovable actmty levels are compa.red du‘ectly to the gmdelme values.
The limit for refiiovable activity is 20% of the guideline value for total surface
actmry “If | that level is exceeded, remediation and resurvey is necessary

8.5.2 Elevated Areas of Activxty

Levels of residual activity, i.e. elevated areas, which exceed the guideline value
are initially compared dxrectly with the guideline.

o B ” S

The limit for activity on a building or structure surface is three times the
guideline value, when averaged over an area of 100 cm?. Residual activity
exceeding this limit should be remediated and follow-up surveys
performed. Arm of elevated activity betwem one and three times the
guideline value are then tested to assure that the average surface activity
level within a contiguous 1 m? area containing the elevated area is less
than the guideline value. ‘

To evaluate whether this averaging condition is satisfied, additional
measurements are performed, and the activity level and areal extent of the
elevated area are determined. The average (weighted average) in the 1 m?
area is then calculated, taking into consideration the relative fraction of the
1 m? occupied by the elevated area(s), using the relationship:
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* E YA (8-10)

where
x, = weighted mean including elevated area(s)
X; = systematic and random measurements at point i
n, = number of systematic and random measurements
Y« = elevated area activity in area k
A, = fraction of 1 m? occupied by elevated area k
n, = number of elevated areas.
Sample Calculation - » T

- The survey has-identified an area: of surface-activity, having an average level of
7000 dpm/100 cm? and occupying an-area of 800 cm?. : Five measurements in the
contiguous.1.m¥; outside the elevated:area;:are:each less than the guideline value
of 5000 dpm/100 cm? and average 2300 dpm/100 cm?. The weighted mean for
the 1 m? area containing the elevated area is:

- 800 800
= 2300 |1 - —20_| , 7000 | 220
T 300[ 10000] " [ mooo]
= 2116 + 560
= 2676 dpm/100 cm?
* soil

The limit for soil activity at any location is three times the average
guideline value, Residual activity exceeding this level should be
remediated and follow-up survey performed. Areas of elevated activity
between one and three times the guideline value are then tested to assure
that the average concentration is less than (100/A)* times the guideline
value, where A is the area of the elevated activity in m’. Levels
exceeding this limit should be remediated. If this condition is satisfied,
the average activity in the 100 m* contiguous area containing the region
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of elevated is then determined to assure that it is within the guideline
value. [Equation 8-10 is also used for this cdlculation, substituting
100 m? for the 1 m?, used when calculating average surface activity.

Sample Calcylation

Five systematic soil samples from a 100 m® grid block have the following
concentrations of a specific radionuclide for which the guideline level is 10 pCi/g:

1.5 pCi/g
2.7 pCilg. |
5.0 pCi/g . : o

1.6 pCilg - ..
3.5 pCi/g

In addition, this area also contains a.20:m?:elevated.area-with-an average
concentration of 15.5 pCi/g. Using the relationship of (100/A)* the 20 m? area
would be permitted to have.an average-concentration of (100/20)* or 2.236 times
the:guidelineivalue;si.e. 22:36:pCi/g:- Thefactivity level of 15.5 pCi/g in this

. elevated:area- satisfiedthis:limit.-5The: weighted“average for the contiguous

8.5.3

100 m?; containing the elevated area is:

% =291 -2, 1s5[20
” 100 100
=232 + 310

= 5.42 pCi/g

Exposure Rates

Exposure rate levels are compared directly with the guideline value. The
maximum exposure rate may not exceed two times the guideline value, above
background. If the level is above that value, the area should be remediated and
resurveyed.
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8.5.4 Calculating Average Levels

8.5.5

General surface activity, soil activity, and exposure rate guideline values are
average values, above background, established for areas of survey unit surfaces
(surface activity), 100 m? (soil activity and open land exposure rates), and 10 m?
(indoor exposure rates). To enable comparison of the survey data with those
guidelines, the mean (x) of measurements in each of the survey units is calculated
using all measurements (n,) within that area:

l, .
1 x, (8-11)

n' a1

X =

o

Conibal;ﬁons

Average levels, calculated following the procedures in Section 8.5.4, are
compared with the guideline values and conditions.. If the averages exceed the
applicable guideline values.and/or. conditions, further remediation is required and
follow-up measurements.are performed:to verify:the effectiveness of the actions.
After the averages satisfy. the;guideline values-and:conditions, the results are
further evaluated to determine whether the data for each survey unit (i.e. group
of contiguous grids or regions with the same classification of contamination
potential), provides a 95% confidence level that the true mean activity level meets
the guidelines.

The test is performed by calculating the average (equation 8-11) and standard

deviation of the data for a particular radiological parameter in each survey unit
using all measurement locations; the standard deviation is calculated by:

(8-12)

If there are areas of elevated activity in the survey unit, the weighted meanx,
(equation 8-10) for each 1 m? of building surface or 100 m? of land, containing
an elevated area, is used as one of the x;’s in equations 8-11 and 8-12.

The Environmental Protection Agency (EPA 1989) has recommended the

following equation for testing data, relative to a guideline value, at a desired level
of confidence.
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B, =X * 1 (8-13)

"d—

=

where -
i, af is the 95% confidence level obtained from Appendix B,
- Table B-1: df (degrees of freedom) is n-1. « is the false
positive probability, i.e. the probability that , is less than
the guideline value if the true mean activity level is equal to
the guideline value.
is the calculated mean from equation 8-11.
is the standard deviation from equation 8-12.
is the number of individual‘data points used to determlne X
and Se-

5.0 K

it ;:;The value of i 187 compared to“the guxdelme value, if u, is less than the

::xguideline, theiarea® bemg‘t&sted“meewthe giiideline ata 95% confidence level.
«THis" mms’*thatithe*probabxhty»xs’l&s‘*tﬁan *5 %that ‘u. will pass the test, when
‘the:true: meansactivitylevel‘exceeds”the gliidéline’ value -

S ST

~Sample Calcylation 1

Surface activity levels (dpm/100 cm? ) at 35 systematic locations in an affected

area are:
4100 2190 <460 4000
3250 1430 1380 <480
2120 4370 1840 2060
2600 2390 2160 1970
4750 3710 4020 2350
2000 1220 2030
3140 1250 1700
1790 4390 1510
2000 - <460 2420
3630 4130 3430

Instrument background has already been subtracted for this surface activity
measurement.
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The mean and standard deviation are:

x = 2478 dpm/100 cm? (from equation 8-11)*

Sy = 1196 dpm/100 cm? (from equation 8-12)
heo = 1.692 for 34 degrees of freedom (Table B-1)
", = 2478 + 1.692 198 2820 dpmv/100 c?

35

*Only minimum detectable activity (MDA) values were available for
some measurement locations in this example; the MDA values were
therefore used as actual activity levels for the  purpose of performing this
calculanon 3 .

"I‘hc sxte-spemﬁc gmdelmc value for thc site 13 5000 dpm/lOO cm chuse Ha

Concéntrations’ of net (background subtracted) actmty at 20 random soil sampling
locations are:

1.2 pCi/g 1.5 pCi/g
2.3 pCi/g 2.7 pCilg
4.4 pCilg 50 pCig
23 pCi/g 1.6 pCi/g
34 pCilg 3.5 pCi/g
1.6 pCi/g 3.1 pCi/g
0.9 pCig 1.7 pCi/g
1.6 pCi/g 1.1 pCi/g
3.3 pCig 1.4 pCi/g
2.4 pCilg 2.2 pCilg

The guideline value for the site is 4 pCi/g, above background.

Although two of the samples contain activity levels above the guideline value,
they satisfy the condition of the maximum concentration being less than three
times the guideline value. For the purpose of this example it is assumed that the
elevated areas have been tested (Section 8.5.2) and satisfy the conditions for
accepting elevated areas.
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The mean and standard deviation for this group of data are:

x = 2.36 pCi/g (from equation 8-11)

S = 1.12 pCi/g (frpm equation 8-12)

b ar = 1.729 for 19 degrees of freedom (Table B-1)
pe = 236 + 1729112 =279 pcisg

o

Companson of u_ (2. ') prIg) with the guxdehne value (4 pCi/g) indicates that
the guideline has been satisfied at the desired level of confidence.

FEIEE H

N L Ams for wluch p, xs s thz ,gmdehne valucs by thxs tcsnng procedure are

" considered ‘acceptable’ and nio further, survc)gtacnons are required. If the mean

value exceeds the guideline value, the area is not acceptable and further cleanup

is required. If the mean value is less 'ﬁ?“}he gmdelme .value, but the test of

confidence is inconclusive, i.e. * < guideline value <p,, either (1) further

... cleanup, .. with. .. follow-up,, ,—mmmmwmpmg“ or (@ additional
T m&surements/samphng may be conduct ‘

The technique dcscnbed above provides a conscrvatwc approach, because it gives
equal weight to systematic and random measurements and to the weighted means
of areas of elevated activity, which may be associated with much smaller surface
areas than are the systemanc and random measurements. An alternate approach
to provide a less based estimate of the mean activity level is as follows.

Calculate the samplc mean, y,, and sample variance, s,, for elevated level, k,
of area, A,.

- 1 -
yt=“}:yu (8-14)
Ry s=t
2 1 & = (8-15)
s, = — - )
yk n,-l,z.l: ' yu)Z -
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The weighted average x_ is then calculated by:

Ry
xw = I(I‘A) * E Ak)Tk
k=1

and the estimated variance of x_ is:

2 A 22
& - -4y s, Z': HA

n, -

The value, u,, for testing the weighted average is calculated by:

(8-16)

8-17)

(8-18)

The value of t,, 4 is obtained from Appendix B, Table B-1; the degrees of freedom are

determined by:

vl

and

_ 4\ ny 4
p.Q-A ASu

nin,-1)  Fon (n-1)

8.13

(8-19)

(8-20)



8.6

Identifying Additional Measurement/Sampling Needs

If u, calculated in the previous section is greater than Cg (NRC guideline value), there
are two possibilities. If x > Cg, a cleanup is required. However, if x < Cg, a larger
sample might be able to demonstrate compliance. The sample mean(x)and standard
deviation(s) for a given sample size were calculated in the previous Section using
equations 8-11 and 8-12. Using these parameters, the total number of data points (n,)
which ‘would be required to demonstrate that the activity level satisfies the guideline
value at the desired level of confidence, is determined by:

SX
nyom |t | (2, o+ Z P . 8-21)
1% Cc_xr[lc lﬂr .
where
n, = nurﬁi)erﬁdfv &m pbints required
Cq = guideline value
x = mean
S = sample standard deviation
Zio 2y = standard normal variables: « is the false positive probability, i.e.

that u, < Cg, if the true mean activity is equal to Cq, and 8 is the
false negative probability, i.e. that g, > Cg, if the true mean
activity is equal to Cg.

Table B-2 (Appendix B) has been provided for ease of estimating the total number of
data-points required to demonstrate meeting guidelines at a false positive level of 5% and
a false negative level of 10%. Subtracting the number of data points already collected
(n) from this total calculated number (n,), determines the number of additional
measurements or samples which will be required to demonstrate the desired confidence
of the data. If this calculation indicates that additional data are needed from a survey
unit to demonstrate meeting the guideline, it is recommended that they be collected
uniformly over the area, using the same sampling methodology as that used for the first
samples. To demonstrate compliance, u, is based on all data points; thus additional data
are combined with the original data and the acceptance testing repeated. The process of
determining additional samples to try to meet the guideline can only be done one time.
If the additional samples do not bring u, below the guideline, additional remediation will
be required.

8.14
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Sample Calculation:

Ten measurements have a mean of 7.0 pCi/g with a standard deviation of 2.8 pCi/g.
The guideline value is 8.0 pCi/g.

u, =70 + 1833 28 . 86 pcig

Y10

Although the mean is less than the guideline value, the test for significance is not
satisfied at the 95% confidence level. The total number of measurements (n,) required
to aclueve acceptance is determined from Table B-2, for the value of

2

68 m&surements

036

n,

An additional 58 (68- 1‘0) measurements are requxred to demonstrate acceptance

Determining Numbers of Background Data Points

As disctssed in"Section 2.3. 1, the averagc ba.ckground lcvel detcrmmed from an initial
6-10 measurements or samples is adequate for use in evaluating radiological conditions,
relative to a specific guideline value, when that average background is insignificant

relative to the guideline. For the purposes of this Manual, the background has been

considered insignificant if it is <10% of the guideline, although the licensee may use
such background levels in determining net residual activity, following the methodology
described below. When the background level is significant relative to the guideline
value, i.e. > 10% of the guideline, however, it is necessary that the average background
determined is representative of the true background level to assure correct decisions in
the final assessing site conditions. The objective for background determination is that
the average level should accurately represent the true background average to within +
20% at the 95% confidence level, Selection of this criteria for defining an acceptable
accuracy for background determinations is arbitrary, based on the natural variations (of
background levels) occurring .in the environment and the need to keep the effort and cost
devoted to background determination reasonable.

The total number of background measurements needed to satisfy the objective is
calculated by:

Yossuq® 5s (8-22)
02 ez,
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number of background measurements required

. = mean of initial background measurements

- standard deviation of initial background measurements

t statistic for 95.5% confidence at df=n-1 degrees of freedom,
where n 1s the number of initial background data pomts

Ml e
w
o

t95.55. df

Table B-1 (Appendix B) contains a list of values for the s 5 ‘statistic at various degrees
of freedom. Subtracting the:number of data*points- ahudy collected(n) from this total
calculated number (ny), determines the number:of;additional measurements or samples -
which will be required to demonstrite~the desu'ed conﬁdcnce of the data. If this
calculation indicates that additional background data are needed, it is recommended that

they be couected umformly over the area, using. m'e%fme samphng mcthodology as that

.;1-

- ‘points;

Seven soil samples, collected for deterrmmng the backgxound level. of U-238, contained
“the followmg coneentmnons o _

13 pCi/g
0.6 pCi/g
0.9 pCi/g
1.6 pCi/g
1.8 pCi/g
1.5 - pCilg
2.0 pCi/g

The mean (equation 8-11) and standard deviation (equation 8-12) for these data are
calculated to be 1.39 pCi/g and 0.50 pCi/g, respectively; the t statistic (Table B-1,
column 2) is 2.447 for 6 degrees of freedom. The total number of determinations
required to establish the average background to within + 20% of the true average at the
95% coafidence level is calculated by:

o = [2447 ¢ 0.50F .o,
! 02 ¢ 1.39 )

This calculation indicates a need for a total of 20 data points, or 13 additional (20-7) data
points to satisfy the statistical objective for this case.



8.7 Calculating Site Inventory

The total residual activity is calculated for each radionuclide by determining the mean
level for each survey unit, multiplying that average by the surface area or soil volume
of the unit, and then summing all survey unit activities. The inventory will allow
comparison of total residual activity at the site with established limits and development
of a source term for estimating potential future impacts on public health and safety and
on the environment.

Sample Calculation:
A site contains 3 interior building rooms and one land area which have been determined

to have residual activity from the licensed operations. The three rooms have mean
residual surface activity. levels of 4100 dpm/100 cm?, 2700 dpm/100 cm?, and

3000 dpm/100 cm?; the affected surface areas in these three rooms are 900 m?,

1100 m?, and 750 m?, respectively.

S s

The land area has a mean concentration of 7.3 pCi/g in the top 15 cm over 300 m? and ~

one deeper region of residual activity occupying a volume of 10 m® and having a mean
concentration of 30 pCi/g.

The total activity is calculated as follows:
Buildine A |

L 10t em? 1 pCi

41 100cm? » 900m?
00dpm/100cm T T 222 dpm

= 1.66 * 10* pCi
Using the same method, Building Area 2 and Building Area 3 contain total activity levels

of 1.34 ¢ 10* pCi and 1.01 ¢ 10* pCi, respecnvely Total residual activity in the three
Building areas is 4.01 ¢ 10* pCi.
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Surface:

3
7.3 pCijg + 0.15 m » 300 m? « 1052 . 16-8-
m cm

= 5.26 ¢ 10* pCi
Subsurface Region:

. . 3
30 pCilg > 10 m® o 10‘-':1';3_16’—3—,‘

md . cmd

- =4.80 * 10* pCi

4.01  10* pCi
5.26 ¢ 10° pCi
+ 4.80 ¢ 10* pCi

14.07 * 10* pCi
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CHECKLIST FOR INTERPRETING SURVEY RESULTS

Convert survey results to same units as guidelines,

Compare elevated areas with guideline conditions; if conditions are not satisfied,

remediate and resurvey.
Calculate mean and standard deviation of all measurements within survey unit.
Calculate the upper confidence limit (u,) for the data set.

Compare u_ with guideline value; if acceptance criteria is not achieved, determine
number of additional measurements required.

- Decide whether to perform addiﬁongl measurements or to conduct further clmnu;;

and follow-up surveys to demonstrate acceptance.

Conduct additional remediation and/or measurements; repeat checklist for new or
additional data. :

Calculate total site invcntofy.



No. (2)°

“Implies choice of actions

Pertorm - = = o e e e e e (Sections 6.4
measurements/sampling and 6.5) N
] (
Convert data —
{0 ‘md Um ‘- _________ e e oo = o - (Moﬂ 8 1)
Compars with slevated area _
guidelines and conditions Buiiuaiuiadedadekade = -——=- (Section 8.5.2)
Calculate survey unit - .
mean and eaia b ————— (s:%"'s“»sa-s 4
. . standarddeviation. | d 8.5.5)
Calculate for 95%
mm. m.‘ ‘-—----—------—-- (wa_s‘s)
v Coliect
additional data
Compare i
with guideline vaiue - -- ===k ===\~ (Section 8.5.5)
\
(Section 8.6)
No. (1)° |
Calculate site invento .
,:.q,,-“d ¥ e ee e e e e -~ - (Section 8.7)
Prepare
final repont

FIGURE 8-1: Flow Diagram for Interpreting and Comparing

Survey Data with Guideline Value
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Compare
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Satisfies
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CHECKLIST FOR INTERPRETING SURVEY RESULTS

Convert survey results to 'same units as guidelines,

Compare elevated areas with guideline conditions; if conditions are not satisfied,
remediate and resurvey.

Calculate mean and snandard devxanon of all measurements thhm survcy unit.
Calculate the upper conﬁdcnce hxmt (;;_) for the data set.

Compare g, with gmdelme value, if; acceptance criteria is not achieved, determine
number of additional m&surements*reqmred;

ey SAPRIR RTINS .
RIS

. 5 Decide whethér to pcrform additional:measurements or to oonducxcﬁxrther clmup
"+ and follow-up surveys to demonstrate acceptance.

=Y RgRE

Conduct additional remedxauon‘ and/or. mmsurements repeat checklist for new or
o addmonal*data. N .

" Calculate total site mventory
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9.0 SURVEY DOCUMENTATION AND REPORTS

Documentation for final status surveys should proinde a complete and unambiguous record of
the radiological status of the site/facility, relative to established guidelines for the license

termination. In addition, sufficient information and data should be provided to enable an

independent re-creation and evaluation at some future date of both the survey, activities and the

derived results. Much of the information in the final status report will be avaxlable from the :

decommissioning plan; the written survey. plan,and/or the survey;design document and the

‘vanous report requxrcments mhcrcnt in the acoountabmty program of the survey “procedures: (that -

xs, ]ab reports reports of survey ﬁndmgs, QA documentanon, cham—of-custody forms, etc.).
To the extent. pracucable, the ﬁnal starus survcy report(should stand _}m own with minimal
mformanon mcorporated by refcrence. ‘This section will assist. in detetmxmng the basic content
~ of the report by providing a comprehensive, annotated outlme. Although sxte-specxﬁc conditions
or criteria may require some modification, this basic outline may be used for the report. A
sample final status survey report for the hypothetical Reference Uranium Fuel Fabrication Plan
is provided in Appendix D. Certain support or related information related to the
decommissioning process, such as health physics practices for personnel conducting
decontamination and waste volumes gcncratcd are provided as part of the decommissioning plan
and/or final project report. For convenience, the licensee may also incorporate this information
into the final status survey report,

s
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Final Status Survey Report for Decommissioning
[Facility Name]

BACKGROUND

REASON FOR DECOMMISSIONING

[1dentify the reason that the facility is to be returned to unrestricted use; for

example, age of faczluy relocation of proce:s acavuy. geographxc or
’ envxronmental concerm', planned ﬁaure u.m , €IC. ] »

MANAGEMENT APPROACH

5 g o

7 sophy; ré”EuIa?o”r‘y L ..reasons for —
cenamé*’approacha'?*'“etc isciiss “assigned” manag ﬂaﬁnint“ Tesponsibilities for
QA/QCacxmne.g quforMahhmdsmwaggg thg:u{veypmcm

e ; Pai J s . 5 = ﬁn: bt M‘}h—z 4+ w,gsa may
“hgve(Note: rgcom‘at?b co’hée ng’"é‘é??‘ef‘fi)ﬁanom, ﬁmding. orschedulmgmay
be g«lw‘ l hé* a:g],- e e , |

W ”sb

SITE Dl-:scmrnon

[Describe the physlcal charaaeristia of the bwlding and pmvxde enough mfonnanon to

distinctly identify which faality or portion of a 1 facility is to be decommissioned. Refer
10 Manual Section 4.0 for additional details on the type.s ‘and sources of information 10
be covered in the site description section.]

TYPE AND LOCATION OF FACILITY

[Discuss the type of facility, such as a research facility, light-water reactor,
radiopharmaceutical facility, nuclear laboratory, etc. Include specific activities
performed. Identify the location of the facility, including geographic location,
state or local vicinity, building-specific information, etc.]

OWNERSHIP
[1dentify who owns the facility and how the ownership is structured, that is, staze
or national government owned, private corporation, parens company, academic

institution, etc. If there have been multiple owners, provide a history of the
ownership.]
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FACILITY DESCRIPTION

[Include information on buildings, grounds, and any relevant topographical

information that may have been a factor in the extens of consaminasion. Submis
available drawings or photos that are relevant to the survey.]

BUILDINGS

[Include information on the size; construction materials; consents; roofs
and release poimns; condition of surfaces afier decontamination; and
special considerations or problems. such as inaccessible areas, expansion
Jjoints or ﬂoor penetrations, and piping. . Include locations and use of any

buildings that may have been razed or remodeled or whose use has been
changed over the life of the facility.]

GROUNDS

: -a‘,f,.

. ;[Dzscu.s: :the asxze, topography, metearolog, demographzcs, vegetation,

access routes, subsurface features, buried:waste,-water courses, surface

water runoff, outfall, erc. that may aﬁ“ect the area 1o be surveyed or the
locatrion or extent of contamination.] - s

OPERATING . HISTORY: . .

[Identify the:types and dates. of specific operations and/or uses:of particular chemical or
-radiological processes that have evolved over the life of the facility, including uses of the
site. before .licensed--operarions. Refer. to.Sections-3.0-.and 4.0 for more details on
information 10 be included in the operating history section of the termination survey
report. ]

LICENSING AND OPERATIONS

[Include the draft number and license number and issuance date for every license
the facility has been issued. Indicate the type of work activity at every operating
phase and the buildings and/or geographic locations wherein each licensed
activity was performed. ]

PROCESSES PERFORMED

[Specify every type (chemical and physical form) of radionuclide used and indicaze
the quantity required for each operation involved over the life of the faciliry. Be
specific about the processes performed, the specific (and relevant) chemicals
and/or radionuclides involved, the locations of each process performed over the
life of the plans, related activities, etc. Also, discuss the containment practices
for all radiation sources.]
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 WASTE-DISPOSAL PRACTICES

[Dircuss any disposal practices that may have impacted the contaminarion status

of the facility. Include any incidens reports and significans spills.]
DECOMMISSIONING ACI’IVIT[ES
[Discuss any relevans political, philosophical, or environmerstal considerations thas may
have influenced the method of decommissioning selected. Identify any agencies whose
philosophy or methodologies (and/or procedure:) were chosen Jor modeling and specify
why those were selected. ]

OBJECTIVES

[Broadly discuss what was to have been accomplzshed and why. Set the.

parameters (espechIy the Ixmztanons) wzthm whxch the decommissioning acnwnes
were coryined ] S

Rr:suus OF Pm:vxous Sunvzvs

[Generalize the results of previous surveys in the chronological sequence in-which
they were performed Discuss the activities of subsequent surveys as they address
ﬁndmgs :in.- earlier- surveys. - Include - results:-of<preliminary surveys,
- characterization surveys,etc.: Refer to-Section 2.0 for additional- Wonnanon on
the different types of surveys-that may have: beenpeﬁ‘ormed prior to the final
status survey.]

DECONTAMINATION PROCEDURES

[Discuss the specific procedures used to decontaminate the facility. Identify the
organization who performed the decontamination and discuss their credentials and

- ~related expertise. Cover information on demolition and dismantling, including
shipping, storage, and disposal of materials at a safe storage facility or landfill
approved for radioactive waste. Discuss any security precautions and safeguards
thas may have been taken.]

FINAL SURVEY PROCEDURES

[Discuss general approach and list philosophy of (or reasons for selecting) that
approach. Refer to any unique conditions that may have been discovered in earlier
surveys which relate to the written survey plan.]
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SAMPLING PARAMETERS

[Summarnize information concerning grid placement, specific areas scanned,
accessibility restrictions, sampling criteria, defining parameters, rypes of samples
taken (soil, water, etc.) and any special precautions taken to ensure readings are
accurate. Include procedures used for determining sample analysis. Identify the
areas that had low, medium, and high potential for contamination. Discuss how
samples were taken at effluent systems (air handling systems, drains, sumps, and
sewers. See Sections 2.0 - 7.0 for information to include in this portion of the
survey report.]

BACKGROUND/BASELINE LEVELS IDENTIFIED

[Discuss the background and baseline levels establzshed for the site. ldentify how
these levels were determined. (See Sections 2.0 and 6.0)]

MAJOR CONTAMINANTS IDENTIFIED
[Discuss the major contaminants. Include the concentration levels- and locations

of each radionuclide of interest. Refer to the sources ﬁ'om the plant history if
known.]

GUIDELINES ESTABLISHED

[Discuss each agency whose guidelines had to be.met before the facility could be
released. Identify all procedures and regulations.and define the release criteria
that had to be met. See Section 3.0 for additional information.]

EQUIPMENT AND PROCEDURES SELECTED

[Discuss the philosophy behind the selection of instruments and procedures. Cite
any special conditions that may have required deviating from normal practices.
Define which radionuclides were present and explain how instrumeriarion was
selected to best detect their particle-emitting characteristics. Additional
information is available in Sections 3.0 - 7.0.]

INSTRUMENTS AND EQUIPMENT

[Specifically identify all equipment and instrumensation used in the survey
procedures. If the criteria upon which each instrument was selected was
not included in the previous subheading, elaborate on the radionuclides
of interest and the associated derecting instrument chosen. Discuss
calibration procedures used as well as instrument sensitivities and
detection limits.]
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INSTRUMENT USE TECHNIQUES

[Discuss the procedures and techniques used in operaring the instruments
or equipment used in the survey.]

PROCEDURES FOLLOWED

[Discuss the procedures used in the survey process, including statistical
methodologies used to determine the number of samples required, QA/QC
procedures, field and laboratory techniques, and- methods of sampling and
disposing of contaminated materials used during the survey. See Sections 4.0 -

- 7.0, for-additional information: that should be dzscusscd in thzs subsection of the
Jfinal status survey report.].>- e

SURVEYING Okcmunon e

ﬂdennj}v the surveymgwrgamzanonﬂand mclude any pamcular cxpemse or

credentials that establishes thezr credibility.]

SURVEY FINDINGS

[Discuss the-general condition of the:site as determined by the survey. Evaluate reasons

- for any significant- dzﬁ'erences Sound-between the final status survey and any previous
surveys. - Prepare and'reference. (1) tables of survey data and (2) graphic representations
of findings to be included in this section. Reference techniques for reducing and
evaluating the data in the following subsections.] '

TECHNIQUES I-‘OR REDUCING/EVALUATING DATA

[Describe the computational me:hads used to convert raw data into conventional

units and to evaluate average and/or "hot spot” activity levels. Include formulas

and/or examples where appropriate.]

STATISTICAL EVALUATION
[Provide an explanation of the statistical methodology used to evaluate the survey

findings. That is, show how the statistical method used provides a true
representation of the data in relation 1o the applicable guideline values.]
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COMPARISON OF FINDINGS WiTH GUIDELINE VALUES AND CONDITIONS

[Provide a table and any supporting text that is needed 1o compare the findings
with the release criteria established by the regulatory agencies. Include criteria
from any state, local, or other federal agencies who, in addition to NRC, may
have jurisdiction.  Reiterate how QA/QC procedures, survey procedures,
documentation procedures, eic. comply with guidelines established by the NRC or

other regulatory agency. Use procedures listed in this document (Sections 2.0 -
8.0) as a resource.)]

SUMMARY

[Provide an overview of the entire program. One or two senzence swnmaries of each
section and/or subsection should provide the informarion that should be included in the

summary. The concluding paragraph should state that according to the findings of the -

final status survey, the release criteria have been met and the license LPappIymg Jor
license termination. }
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ANSI 1978

ANSI 1989

EPA 1980

EPA 1989

GILBERT 1987

KNOLL 1979

NCRP 1978

NCRP 1985

NRC 1974
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12.0 GLOSSARY

Activity: A measure of thc rate at which radioactive material is undcrgomg radioactive decay,
usually given in terms of the number of nuclear disintegrations occurring in a given quantity of
material over a unit of time. The unit of activity is the curie (Ci) Also, known as Radioactivity.

Alpha Particle: A positively charged particle emitted by some radioactive materials undergoing
radicactive decay. Alpha particles are the least penetrating of the three common forms of
radiation (alpha, beta, gamma); they can be stopped by a sheet of paper and cannot penetrate
skin.

Background Radiation: Naturally occurring radiation in the human environment. It includes
cosmic rays, radiation from the naturally radioactive elements, and man-made radiation from
global fallout.

Beta Particle: An electron emitted from the nucleus during radioactive decay Beta particles .

are easily stopped by a thin sheet of metal or plastic. -
Byproduct Material: Radioactive materials resulting from the production or processing of
nuclear materials. :

Characterization Survey: Facility or site sampling, monitoring, and analysis activities to
determine the extent and nature of contamination. Characterization provides the basis for
acquiring the necessary technical information to develop, analyzc, and select appropriate cleanup
techniques.

Cleanup: Actions taken to remove a hazardous substance that could gffect humans and/or the
environment. The term "cleanup” is sometimes used interchangeably with the terms Remedial
Action, Remediation, and Decontamination.

Confirmatory Survey: limited independent (third-party) measurements, sampling, and analyses
to verify the findings of a final status survey.

Contamination: The presence of residual radicactivity, in excess of levels which are acceptable
for release of a site or facility for unrestricted use.

Criteria (release criteria): Combination of numerical activity guideline levels and conditions
for their application. If criteria are satisfied, the site may be released without restrictions.

Curie: A measure of the rate of radioactive decay. One curie (Ci) is equal to 37 billion
disintegrations per second (3.7 x 10* dis/s), which is approximately equal to the decay of one
gram of radium-226. Fractions of a curie, e.g. picocurie (pCi) or 10" Ci and microcurie (uCi)
or 10° Ci, are levels typically encountered in the decommissioning process.

Decay: The spontaneous radioactive transformation of one nuclide into a different nuclide or
into a lower energy state of the same nuclide. Also, known as Radioactive Decay.
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Decommissioning:  The process of removing a facility from operation, followed by
decontamination, and license termination.

Decontamination: The removal of unwanted radioactive material from facilities, soils, or
equipment. Also, known as Remediation, Remedial Action, and Cleanup.

Derived Guideline: Levels of radioactivity presented in terms of ambient radiation, surface
activity levels, and soil activity concentrations; these levels are derived from activity/dose
relationships through various exposure pathway scenarios. Also known as Guidelines.

Detection Sensitivity: The ability to identify the presence of radlanon or radioactivity. Also see
Minimum Detectable Activity.

Direct Measurement: Radioactivity measurement obtained by placing the detector against the
surface or in the media being surveyed. The resulting radioactivity level is readout directly.

Dose Commitment: The dos that an organ or tissue would receive during a specified period

of time (e.g., 50 or 70 years) as a result of intake (as by ingestion or inhalation) of one or more
radionuclides from a given release.

Dose Equivalent (Dose): A term used to express the amount of effective radiation when
modifying factors have been considered. It is the product of absorbed dose (rads) multiplied by
a quality factor and any other modifying factors. It is measured in rem (roentgen equivalent
man).

Exposure Rate: The amount of ionization produced per unit time in air by X-rays or gamma

rays. The unit of exposure rate is roentgens/hour (R/h); for decommissioning activities the
typical units are microroentgens per hour (uR/h), i.e. 10% R/h.

Final Status Survey: Measurements and sampling to describe the radiological conditions of a
site, following completion of decontamination activities (if any) and in preparanon for
unrestricted release.

Gamma Radiation: Penetrating high-energy, short-wavelength, electromagnetic radiation
(similar to X-rays) emitted during radioactive decay. Gamma rays are very penetrating and
require dense materials (such as lead or uranium) for shielding.

Grid: System of coordinates established on a site for purposes of referencing survey locations.
Also, known as Reference Grid System.

Grid Block: Standardized averaging (1 m? for building interiors and 100 m? for soil
areas). -
Ground Penetrating Radar (GPR): Electromagnetic radiation, used to identify electncally
reflective targets, voids, and differences in moisture content of subsurface soil. GPR is used to
identify buried objects and materials for guiding subsoil sampling.
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Half-Life: The time it takes for half the atoms of a quantity of a particular radioactive element
- 10 decay into another form. Half-lives of different isotopes vary from millionths of a second or
less to billions of years.

Hot Spot: Small, isolated location where radiation or radioactivity level is higher than the
guideline level but satisfies other conditions (see Sections 2.2 and 8.6.2).

Inventory: Total residual quantity of formerly licensed radioactive material at site.

License: Authorization by NRC to possess, use, transfer, etc. radioactive materials for specified
applications and under established conditions.

License Termination: Discontinuation of a license — the eventual conclusion to
decommissioning. . e ' '

Minimum Detectable Acﬁﬁty (i\h)A) The minimum level of radiation or radioactivity that can -

be measured by:a specific. instrument and techmque *The MDA is usually &nabhshed on the
basis of assuring false positive and false negative rates of less than 5%. = -

Quality AssurancelQuahty Control: A system of procedures, checks, audits, and corrective
actions to ensure:that- design,  performance;: monitoring and samphng, and other techmczl and
‘reporting activities are of the lughat achievable quality.

Radionuclide: An unstable nuclide that undergoes radxoacuvc demy

Release Criteria: Numerical gmdelins for direct radiation levels and levels of radioactivity in
soil on surfaces which are considered to be acceptable within a given set of conditions and
applications.

REM (Roentgen Equivalent Man): A quantity used in radiation protection to express the
effective dose equivalent for all forms of jonizing radiation. It is the product of the absorbed
dose in rads and factors related to relative biological effectiveness (see also Dose Equivalent).

Remediation: The removal of contamination from a site. Also known as Remedial Action and
decontamination.

Remediation Control Survey: Monitoring the progress of remedial action by r&l time
measurement of areas being decontaminate to determine whether efforts are being effective and
to guide further decontamination activities.

Removable Activity: Surface activity that can be removed and collected for measurement by
wiping the surface with moderate pressure. -

Restoration: Actions to return a remediated area to a usable state, following decontamination.
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Roentgen (R) Unit of cxposure One roentgen is the amount of gamma rays or X-rays required
to produce one electrostatic unit (esu) of charge of one sign (either positive or neganvc) in one
cubit ccnnmctcr of dry air under standard condmons

Scanning: An evaluanon techmquc performed by moving a detection device over the surface at
some consistent speed and distance above the surface to detect elevated levels of radiation.
Scanning provides qualitative or semi-quantitative, rather than quantitative, data.

Scoping Survey: A survey that is conducted to.identify which radionuclides are-present as
contaminants, relative ratios in which they occur, and the general levels and extent of the
contaminants.

Soil Activity (Sml Concentratxon) Thc levcl of radloacnhty prcscnt in soxl and expmsed in
units of actmty per soil mass [typmlly pxcocunes per gram (pr/g)]

SRt CoR S S TSR 3 S R i) ’{"‘i‘ ;-lu.:" - S

Surface Actmty Radxoactxvxty found onvbmldmg;or eqmpment surfam and cxpressed in” umts'

of activity per surface area. [typically.disintegrations:per: minute'per 1100 cm? (dpm/100 ¢m?)].

. .Suryey:, Evaluation of .a-representative;portion.of a population to develop conclusion¥regardi
Qg popula;mnas agwhole.;ln the; deoomnussxomngproms.scveml different:types of SUFVEys are
conducted mcludmg Background ~Scoping;:Characterization, Remediation: Control;*Final
Status, and Confirmatory.

Survey Unit: Gronping of &ﬁﬁgﬁous sxte ams thh a sumlar use history and the same
classification. of .contamination potential.:-Survey units -are- established to- facﬂnate the ‘survey
process and provide increased data pints for statistical evaluations.

Source Material: Uranium and/or Thorium other than that classnﬁed as speclal nuclm
material.

Special Nuclear Material: Plutonium, U-233, and Uranium enriched in U-235. Special nuclear
material is generally considered material capable of undergoing a fission reaction.

Unrestricted Use: Use of a former radioactive materials site without requirements for future
radiological controls. Also, known as Unrestricted Release.
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Appendix A
DeterminingSite-Specific Guidelines

When multiple radionuclides are present, the sum of ratios of the concentration of each
radionuclide to its respective guideline must not ‘exceed 1 That is:

(A-1)

S‘.+E"-+...-——31
G G

where

C,.... is the concentration of radionuclide 1,2,...n
G, ;... is the guideline value for radionuclide 1,2,...n

The presence of multiple radionuclides may require the development of site-specific guidelines
based on relative ratios of their contributions to the total activity level. These site specific
guidelines would provide the basis for comparisons with field measurements and for acceptance
testing of survey results. The Manual user should consider that different radionuclides or
radionuclide combinations may exist on different portions of the site and more than one set of
guidelines may therefore be required.

For sites with multiple radionuclides, only those radionuclides remaining at the time of license
termination, which would contribute greater than 10% of the total radiation dose from all
contaminants or which are present at concentrations which exceed 10% of their respective
guideline values, need be considered as significant contaminants.
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Surface Activity Guidelines

For simplicity in application, radionuclides with comparable guidelines may be grouped, so that

one guideline can be used for more than one radionuclide. If all significant contaminants are
from the same group, the guideline level for that group may be used. For situations where
radionuclides from several different groups with different guideline levels are present, a site-
specific guideline level can be developed.. This approach enables field measurement of gross

activity, rather than determination of individual radionuclide activity for comparison to a release -

guideline. The gross activity guideline for surfaces with radionuclides from different groupings
is calculated as follows:

1. - ‘Détermine the”relanve fractlon [N of the total actIVlt)', contnbuted by each

radionuclide group.

2. Obtain the guideline level (G) for each of the radionuclide group present from the

NRC gmdehnc tables e

3. Substitute the values of f and G in the equation.

(A-2)
1 .
Gross Activity Guideline = -
(A A A
+ —= . —
Gl . G2 Gn

Sample calculation:

Assume that 40% of the total surface activity was contributed by a radionuclide with a
guideline level of 5000 dpm/100 cm?; 40% by a radionuclide with a guideline level of
1000 dpm/100 cm? and 20% by a radionuclide with a guideline level of

500 dpm/100 cm?.

1
040 . 040 . 020
5000 1000 500

Gross Activity Guideline =

2100* dpm/100 cm?
* rounded to 2 significant figures
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Soil Concentration Guidelines

Concentrations of specific radionuclides, rather than gross activity, are measured for soil. The
combination of all significant radionuclides must satisfy equation A-1. For a mixture of
radionuclides present in known, relative fractions of the total activity, the site-specific guidelines
for each radionuclide are calculated by first determining the gross activity guideline using
equation A-2 and then multiplying that gross guideline by the respective fractional contribution
of each radionuclide. For example, if three radionuclides with guideline levels of 50 pCi/g, 25
pCi/g, and 10 pCi/g are present in activity ratios of 40%, 40%, and 20%, respectively, the
gross activity guideline:

1
040 040 _ 020
50 25 10

Gross Activity Guideline =

I

22.7* pCilg T
*  rounded to 3 significant figures ‘

The site-specific guideline levels for each of the contributory radionuclides, when pfesent in the
given activity ratios, would then be 9.1 pCi/g (0.40 ¢ 22.7), 9.1 pCi/g (0.40 ¢ 22.7) and
4.5 pCi/g (0.20 = 22.7).

Determining such site-specific guidelines enables an evaluation of site conditions based on
analysis for only one of the contributory contaminants, provided the relative ratios of the
contaminants does not change.

Exposure Rate Guideline

The exposure rate guideline is independent of the radionuclide source. A site-specific guideline
level does not, therefore, have to be developed to account for multiple radionuclides at the site.
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TABLE B-1

Factors for Comparison of Survey Data
with Guidelines and Determining Additional Data Needs

Degrees of Freedom®*- - | | I
1 6.314 12.706
2 2.920 4.303
3 2.353 3.182
4 2.132 2.776
5 2.015 2.571
6 1.943 2.447
7 1.895 " 2.365
8 1.860 2.306
9 1.833 2.262.
10 1.812 2.228
11 1.796 2.201
12 1.782 2.179
13 1.771 2.160
14 1.761 2.145
15 1.753 2.131
16 1.746 2.120
17 1.740 2.110
18 1.734 2.101
19 1.729 2.093
20 1.725 2.086
21 1.721 2.080
22 1.717 2.074
23 1.714 2.069
24 1.711 2.064




TABLE | B-1 (continued)

Factors for Comparison of Survey Data
with Guidelines and Determining Additional Data Needs

Degrees of Freedom* toss - 97.5%
25 1.708 2.060
26 ' 1.706 2.056
27 1.703 - 2.052
28 1701 : 2.048 |
29... 3 1699 - - S ot5 B
300 167 | 2042 - , - )
0 L iega - Y
400 ' 1.649 1966
.infinite 1.645 - 1.960

*Degree of freedom is the numbér of items of data minus 1; for values of degrees of
freedom not in table, interpolate between values listed.

Reference (Gilbert 1987)
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TABLE B-2

Factors for Estimating the Number of
Sampling Locations for Guideline Comparison

Co-X 0
s
0.05 3,422
0.10 856
0.15 380
0.20 214
0.25 137
0.30 S 95
035 . . 0 - -
0.40 o 53 '
0as | a2

050 | 34
0.55 28
0.60 24
0.65 20
0.70 17
0.75 15
0.80 13
0.85 12
0.90 11
0.95 ) 9
1.00 9

C, = Concentration or activity guideline authorized by NRC

t o Mean concentration or activity determined for the survey unit._
s = standard deviation of the concentration for the survey unit.
n = number of samples to demonstrate meeting the cleanup guideline, assuming a

desired false positive rate of 5% and a false negative rate of 10%, i.e. [Z g5 Z »].
Reference (EPA 1989)
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Preface

An example of a final status survey plan for a reference uranium fuel fabrication plant is
provided in this Appendix.

The major features used in the site description, such as plant design, radionuclides used,
operations conducted, waste-disposal practices, levels of radionuclides remaining, etc., were
taken from reports prepared for the NRC for the purpose of evaluating the technology, safety,
. and costs of decommissioning. The specific source documents were: NUREG/CR-1266,
Technology, Safety, and Costs of Decommissioning a Reference Uranium Fuel Fabrication Plant,
and NUREG/CR-2241, Technology and Cost of Termination Surveys Associated with
Decommissioning of Nuclear Facilities.

Some alterations of and/or additions to information from these documents have been made,

however, to demonstrate principles and procedures given in this manual. Care has been taken -

to ensure that these additions represent typical conditions that could be expected at the reference
facility. To enhance readability, the term "reference” has been used as though it were ‘the name
of the facility; e.g., Reference Uranium Fuel Fabrication (RFF) Plant. Also, a fictitious
company, e.g., General Nuclear Corporation, has been named as the owner and operator of the
plant, and fictitious personal names have been included to present a more realistic example of
a termination survey plan. Fictitious names and titles are shown in italics.
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1.0 - Background Information

2.0

The Reference Uranium Fuel Fabrication Plant (RFF) in Yorktown, Pennsylvania was

built between 1960 and 1964 and was operated from 1964 until mid 1985 by the General

Nuclear Corporation. Operating under NRC License XXX-100, Docket No. 00-000, the
plant converted natural and enriched uranium hexafluoride (UF ) to uranium oxide (UO,),
formed the UO, into pellets, and incorporated pellets into fuel rods and bundles.
Auxiliary facilities were used to recover uranium from scrap and waste materials. The
primary method involved the hydrolysis of UF to ammonium diuranate (ADU), which
was then reduced and calcined to produce dry UO, powder; the secondary process was
the conversion of UF;, to U,0, in a flame conversion reactor, followed by reduction to
UO, provider in a reduction-calciner. Two processes were used for the UF, to UQ,
conversion.

In 1985 the plant was shut down and nuclear materials were removed and shipped to

Department of Energy-facilities in Idaho Falls, Idaho. The plant remained in the shut- -

down state until 1986, when decommissioning effons were initiated. Processequipment,
fixtures, piping, etc., were removed and disposed of as radioactive waste.- Buildings and
adjacent grounds were characterized and those areas exceeding NRC guidelines for
license termination.were decontaminated; these efforts were completed in late 1990. This
document describes the plan for conducting the final status survey of the site. Supporting
information, is presented in the Site Decommissioning Plan, prepared and submitted to
the NRC in ‘May 1986, and in the Chmctenzanon Survey Report, submitted in February
1988.

Site Information
2.1 Site Description

The Reference Uranium Fuel Fabrication Plant is located on a total land area of
approximately 470 hectares (1160 acres); there is a moderate size stream
(Wandering River) running through one comner of the site (Figure 1). Actual
plant processing facilities are on a much smaller, restricted, fenced-in area of
approximately 30,000 m? (3 hectares). The plant area occupies a low bluff that
forms a bank of the river, and several flat alluvial terraces comprise the main
topographical features of the property. These terraces lie at average elevations
of 280 to 284 m above sea level and slope away from the river at grades of 2 to
3 percent. The river is used for disposal of acceptable liquid effluents from the
on-site liquid waste systems.
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2.2

The major structures in the restricted processing area include the main building
(with inter-connected chemical/metal laboratory and uranium scrap recovery and

powder warehouse rooms), an incinerator building, a maintenance building, and
a filter housc (Fxgures 2A & 2B).

_ Auxiliary facilities are located outside the fenced area. These include a boiler
- house, a fluoride and nitrate waste treatment plant and associated lagoons, liquid

chemical waste treatment lagoons, a sewage treatment plant and sanitary lagoon,
and concrete uranium storage pads. The auxiliary facilities were used to recover
uranium from scrap and waste materials and to recover valuable chemicals from
gaseous and liquid wastm '

During the plant’s 21 y&rs of operanon “an estimated total of 0.2 Ci of
radxoacnvxty was rclmscd into the atmosphcxe(gnd subsequently deposited on the
¢ small. “shallow land " burial “irea for

shut ‘down fcr ﬁve y&rs total uram mdxoacnvxty would change very- little

from shutdown duc to the dommancc ‘of*long-hved radionuclides. -
Site Conditions at Time of F' nal Survey

In the opinion of the licensee the Plantesxtc has been decontaminated to a level
which satisfies the current NRC guidelines and is ready for a termination survey.

As part of the decommissioning activities, process equipment and supporting
fixtures were removed from radioactive materials areas and cleaned and released
or disposed of as radiocactive waste.. Potentially contaminated structural surfaces
have been stripped of coatings by grit blasting or use of chemical agents.

Contaminated surfaces identified by the characterization survey have been cleaned
or removed.

The on-site shallow land burial was excavated. Facilities used for processing of
potentially contaminated effluents such as the lagoons and sewage treatment plant
have been characterized, and, where necessary, decontamination has been
performed. -Soil contamination in the vicinity of process building was identified
and removed to depths ranging from S cm to 1.5 m.

S opcratcd m accordance thh :
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Details regarding the decontamination actions will be presented in the Final Site
Decommissioning Report currently in preparation.

3.0 Final Status Survey Ovemew

3.1

Survey Objectrves

The purpose of the final status survey is to demonstrate that the radiological
conditions at the- Reference Uranium Fuel Fabrication Plant satisfy the NRC
guidelines and that the plant site can, therefore, be released from licensing
restrictions for future use without radiological controls. The specific objectives
of the survey are to show that . ,

A. Surface Actmty LBmldmgs,,and Structures

Average' surface contammauon levels for each survey _ ‘unit are

wrthm‘the authonzed values D -

Smal, areas of resrdual acuwty, known as. "hot-spot.s do :not

exceed three times me.average::value The. .hot-spot_limit. applxes.
to areas of-up to 100 cm*.: Theaaverage activity level wrtlun the:

1 m2 am contammg a hot-spot must be' within the gmdelme

Rusonable efforts have been made to clean up. removable acnv:ty

and removable activity does not exwd 20% of the average surface
activity guidelines.

Exposure’ rates in occupiable locations are less than 5 uR/h above
background - Exposure levels are measured- at--1 m- from
floor/lower wall surfaces and are averaged over floor areas, not to
exceed the size of a small office, i.e. about 10 m’.

B.  Volume Activity of Soil and Building Materials

1.

Average radionuclide concentrations are within the authorized
value. “Averaging is based on a 100 m? grid area.

Reasonable efforts have been made to identify and remove

hot-spots that may exceed the average guideline by greater than a
factor of (100/A)* , where A is the area (in m?) of the hot spot.
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3. Exposure rates do not exceed 5 uR/h above background at 1 m
above the surface.- Exposure rates may be averaged over a 100 m?
grid areas. Maximum exposure rates over any discrete area of
< 100 m? may not exceed 10 uR/h above background.

The above conditions will be demonstrated at a 95% confidence level for each
survey unit as a whole.

Finally, the survey data will be used to calculate the total inventory of residual
activity from licensed site operations.

Identity of Contaminants

Based on the knowledge of site’ operanons and the’results of the preliminary

‘assessment-and- characterization’ survey ‘the mgmﬁmt radxologlml contaminants
‘havebeen- determined  to be isotopes of - uranium.” The uranium is enriched in -

U-234 and U-235 above naturally occurring levels; the average activity ratxos of
the uramum 1sotopes is: :

- U-234 81.4%

U-238 - o 155%

U-235 3.1%

On the basis of this combination of contaminants the surface contamination
guidelines for the site are:

dpm/100 cm?, average over 1 m?
dpm/100 cm?, maximum over 100 cm?
dpm/200 cm?, removable

The soil contamination guidelines are pCi/g, average total uranium.
In addition to the radiological contaminants the site contains soil areas of nitrate
and fluoride contamination. These areas will be addressed in accordance with

requirements of the Commonwealth of Pennsylvania and the U.S. Environmental
Protection Agency.
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3.3 Organization and Responsibilities

The survey will be performed by a team composed of qualified personnel
currently employed by the RFF Plant and General Nuclear Corporation. This is
the same organizational structure which conducted the characterization survey
activities. Figure 3 is an organizational chart for the survey activities.

The team will operate under the supervision of Dr. Allen Babcock, Nuclear
Engineer for General Nuclear Corporation. Dr. Babcock will have the authority
to make appropriate changes to the survey plan (subject to the established QA/QC
program) as deemed necessary as the survey progresses. - -

Field measurements, .of radiological parameters. and sample- collection will be
. _j_.\mdet,the d:recnon ong . Raymond Meter of the. .General Nuclear Corporation’s

o Envzronmemal Measurements Secnon Mr. Metter w111 also oversee the activities

of field subcontracts. gy

P

Mr. John Scott of the RFF Plant Analyncal Semce: Group Qill dxféct laboratory
activities for both in-house: analyscs and the contractor laboratory services of
Anatyncal Operations, Inc. ;;

QA/QC rwponsszhnes wﬂl be handled by a QA ofﬁccr whose work
responsibilities are otherwise separate from those on the termination survey team.
Mr. John Perkins from the Plant’s Quahty Assuranee/Quahty Control Office will
serve as the QA officer and will, in that capacity, coordinate all interface
requirements during the survey process and name members of the QA/QC team
as nwded .QA/QC procedures will be adopted from the ANSI/ASTM NQA-1,
Qualtty Assurance Program Requirements for Nuclear Facilities (ANSI 1989) and
where applicable, Reg. Guide 4.15, Quality Assurance for Radiological
Monitoring Programs--Effluent Streams and the Environment (NRC-1979). Any
changes or alterations to these procedures will be handled in the same manner as
changes to survey procedures, except that approval will be required at a higher
level of management. All changes from procedures will be documented and will
become a part of the final report submitted to NRC.

Mr. Al Hillman will provide expertise on Health and Safety issues for the survey
process. Mr. Hillman currently serves as a Health and Safety officer in General
Nuclear's Environmenial Safety Division. Health and safety considerations for
workers and for the general public are incorporated into the survey plan. The
General Nuclear Corporation Health and Safety Procedures Manual will be used
as procedural guidelines, since this manual is both based on mdustry standard and
already encompasses specific plant areas and conditions.
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3.5

3.6

Qualifications of each key team member were presented in Attachment 1 of the
decommissioning plan and the characterization survey report, previously provided
to the NRC.

Training

The Reference Uranium Fuel Fabrication Plant provides continuing training for
its health physics personnel and other workers who may be exposed to radioactive
materials. Training varies according to potential exposure and the nature of the
employee’s job duties. In addition to the regular training, special training will
be provided on equipment, specxal techmques, and practices relative to the survey
activities for those employees:who. will be involved in taking radiological
measurements and samples. All: members of the final status survey team will
attend an in-house training ; sesmon revxewmg radiation protection, survey
procedures, and quality assurance..activities. Documentanon of training
panmxpanon and results of tesnng t('i"‘demonstrate knowledge and skllls wﬂl be
retained in the General Nuclear Corporan‘on trammg files.

,“l’

Laboratory Servxces | g .‘ :_

_f' %

Analytical servnm for gross alpha/beta levels on smears, axr, and water samplu
will be performed by the Plant Analytm.l Servwes Laboratory in awordance with

standard Plant procedures, "Laboratory Analysec “of Environmental Samples"

procedures GNC/RFF-HP 3.1, 3.2, 3.4, and 3. 7 (1988) Samplec of soil and
other special samples, ~requiring gamma spectrometry or wet chemistry analyses

will be conducted by a contract laboratory, Analytical Operations, Inc. QA/QC
programs for both in-house and contractor laboratory services will be momtored
by the QA coordmator of the termination survey team.

General Survey Plan
This survey plan consists systematic processes and procedures that have been

deemed acceptable by industry standards and the NRC. Activities (organized
units of work needed to complete a function) have been defined and tasks

{(specific work assignments within a specific activity) have been delegated to the

appropriate team members. ' Table 1 provides a breakdown of activities and tasks
that are currently a part of the termination survey plan.
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TABLE 1

OVERVIEW OF MAJOR ACTIVITIES AND TASKS

ACTIVITIES

TASKS

Evaluate contamination potential

Establish grid reference system

Determine background levels

Perform direct measurements

Collect Samples

Analyze samples

Interpret data

Prepare report

[y
.

[y
.

b oS S

e

Review operating history with respect to facility
use, spills, releases etc.

Review radiological data from scoping and
characterization surveys.

Identify radionuclides of concern and determine
guidelines.

Classify areas as to "affected” and "unaffected”.

Install grids. :
Prepare facility survey maps.

Measure indoor exposure rates and ambient beta- -
. gamma levels, _ -

Measure outdoor exposure rates.

Collect background soil samples.

Conduct surface scans.

Determine frequency and locations of measurements
to meet criteria.

Conduct surface activity measurements.

Measure exposure rates.

Determine frequency and locations of sampling to
meet criteria.

Conduct electromagnetic scans of subsurface
sampling areas.

Collect systematic and special samples.

Count smears and swabs.
Analyze soil, paint, residue and other sohd samples
for uranium activity.

Convert data to standard units.

Calculate average levels.

Compare data with criteria.

Compute total residue activity inventory.
Construct data tables. i
Develop graphics.

Prepare text.

Submit report to NRC.

C-11



4.0

3.7

3.8

- Tasks will be performed in accordance with guidelines stated in the Manual for

Conducting Radiological Survey in Support of License Termination, NUREG/CR-
5849.

o Section 4.0 - Planning and Designing the Final Status Survey
o Section 5.0 - Radiological Instrumentation

o Section 6.0 - Survey Techniques

o Section 7.0 - Samples Analysis

) Section 8.0 - Interpretation of Survey Results

Tentative Schedule

The termination surv 1sscheduled to begin in February 1991 and th;pleted by
the end of  September 1991, A milestone chart showing tentative dates for
performing the major termination survey activities is shown in Figure 4.
Survey Report

A report, describinﬁ_ the survey procedures and findings, will be prepared and
submitted to the NRC. - Report format and content will follow the

recommendations contained in Manual for Conducting Radiological Surveys in
Support of License Termination, NUREG/CR-5849.

Survey Plan and Procedures

4.1

General

Due to the nature of the operations and the estimated extent of airborne
contamination, both main plant and auxiliary facilities must be surveyed as well
as any potentially contaminated surrounding land areas. The number of sample
taken per area in the total facility will be stratified based on the potential for
residual radioactivity. Contamination potential has been based on a review of site
history and the results of the preliminary assessment and characterization survey.
Additional information on classifications is provided in Section 4.3.1 of this plan.
To the extent that locations of measurements or sampling in support of
characterization, remedial action control, or other previous surveys have not been
disturbed since those earlier surveys and the radiological status would therefore
unchanged, that data will be utilized in support of the termination survey.
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4.2

4.3

Instrumentation

Table 2 lists the instrumentation to be used for the survey activities, along with
typical parameters and detection sensitivities for the instrumentation and survey
technique. The combination of instrumentation and technique were chosen to
provide a detection sensitivity of 25% or less of the guideline levels.

The basic equation for determining field instrument detection limits is:

MDA = 2.71 +465,/ kgro

coummg time ® efficiency ® E._mo__

.....

mthc surface at l detector mdth per second and use of audible. mdwetors to sense

b PR A A

»changes in mstrument ‘count rate. Expenenee documented in comparing training
files demonstrates that! quahﬁed surveyors can detect the levels listed in Table 2

_with 3490% eonﬁdenee level ‘All instruments will be calibrated 2 minimum of
‘once ¢ every 3 months, usmg ‘NIST- traceable standards Calxbratxon wxll be for tH—

specific uranium radiation energies expected to be present at the Site. Operatio:
and background checks will be performed at least once each 4 hours o
instrument use. . .

Survey Plan
4.3.1 Area Classification

For purposes of establishing the sampling and measurement frequency and
pattern, the site has been divided into affected and unaffected areas. The bases
for these classifications are:

o affected areas: Areas that have potential radioactive contamination (based
on plant operating history) or known radioactive contamination (based on
past of preliminary radiological surveillance). This includes areas where
radioactive materials were used and stored, where records indicate spills
or other unusual occurrences that could have resulted in spread of
contamination, and where radioactive materials were buried. Areas
immediately surrounding or adjacent to locations -where radioactive

C-14



materials were used or stored, spilled, or buried were included in this
classification because of the potential for inadvertent spread of
contamination.

unaffecteg_l areas: All areas not classified as affected. These areas are
not expected to contain residual radioactivity, based on a knowledge of
site history and previous survey information.

Table 3 lists the various site areas in each classification category.

4.3.2 Reference Grids

Gnds w111 be estabhshed for the purpose of referencmg Iomuons of

samples and measurements, relative to building and other site features.

The . gridding-- intervals - are ~based ~on™"the" “poteritial “for " residual
contamination in the, various plant areas. (See Table 3). All affected
building:area floor and lower wall- (upito 2 m) surfaces will be gridded at
3 lmmtervals,; perwallsandcelhngsofaffectedamswﬂlalsobe
. 71

upper surfaces in"affected areas that have not:been contaminated as a
result of prior activities will. not be gridded; measurements will be
referenced to other grid systems or to prominent bmldmg features.
Affected ‘outside areas will be gridded at 10 m intervals; unaffected areas
will not be gridded. This grid system is identical to the one used during
the characterization survey and the remedial. action. activities; where
necessary the earlier grid will be reestablished, expanded or subdmded

The facility will be divided into "survey units” having common history,
contamination potential, or that are naturally distinguishable from other
sites areas. These survey units will be sized to assure 2 minimum of 30
measurement locations each for floors and lower walls, other vertical
surfaces, and other horizontal surfaces.

Areas identified by scans or direct measurements or as exceeding

guidelines will be reclassified as affected areas and will be gridded and
resurveyed accordingly.

C-15
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4.3.3 Surface Scans -

Scanning of surfaces to identify locations of residual surface and near-
surface activity will be performed according to the following schedule:

Affected Area Surfaces - 100% of surface

Non-contaminated upper su:faces in affected areas - scans in
immediate vicinity of measurement

Unaffected Area Surfaces - 10% of lower surface

Building :interior ‘surface ‘scans will-bé“conducted for alpha, beta, and
gamma radiations. Scans of exterior buxldmg and paved surfaces will be
for betd“and‘gamma’ radlauons Soxl surfaces will be scanned for gamma
radiations only. T
Instrumentation for scanning is listed in Table 2. The instruments havmg
the lowest detection” sensitivity’ will”be “ised for the scans, wherever

' physxcal surface condmons and m&surement locations perrmt

- Scanning: speeds w111 be no- gr&ter than“1"detector width per second for
alpha and-beta detection instrumentsand‘0.5 m per second for gamma
instruments. - Audible ‘indicators (headphones) will be used to identify
locations, having elevated (1.5 t6 3 times ambient) levels of direct
radiation. All scanning results will be noted on standard field record
forms; locations of elevated radiation- will be identified for later
investigation.

4.3.4 Surface Activity Measurements
Direct Measurements

Direct measurements of alpha, beta, and/or beta-gamma surface activity
will be performed at selected locations using instrumentation described in
Table 2. Unless precluded by surface conditions or physical parameters,
the most sensitive of the instruments listed for surface measurements
(Table 2) will be used. Measurements will be conducted by integrating
counts over a 1 minute period.

Because scanning techniques are capable of detecting. residual uranium
activity at <25% of the guideline level, direct surface activity

_ measurements will be systematically performed at 2 m intervals on floors
and lower walls of affected areas and at the same intervals on upper
surfaces that may havc residual activities in excess of 25% of the
guidelines.
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On upper surfaces of affected areas which are not inspected of residual
activity, measurements will be performed at a minimum of 30 locations
each on vertical and horizontal surfaces. These locations will include -
surfaces where radxoacnvc material would likely settle, and sufficient
additional locations to provide coverage at a minimum average of 1
location per 20 m’ of surface area.

On surfaces of unaffected areas, a minimum of 30 random measurements
or an. avcmge measurement. of 1 per S0 m? of building surface area,
whichever is greater, will be pcrformed for each survey unit. These
locations will include all building surfaces. -

- sm B ans R R TR
measurement location.

4 3 5 Exposure Rate Measunmentsi,—: WETENE

SRS A G

Gamma exposure rawc wxll be mwsured at 1 m above ground or floor
..surfaces,. using.a pressurized ionization chamber or a gamma scintillation
mstmment,mahbratedA «for - low... ;enrichment uranium energies.
Mmurements ~will:-be - umformly spaced according to the following

Building Interiors

Affected Areas: 1 measurement per 4 m?.
Unaffected Areas: 1 measurement per 200 m?.

Grounds
Affected Areas: S measurements per 100 m? grid block.

Unaffected Areas: 50 measurements at randomly selected
locations.
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4.3.6 Soil/Sediment Sampling

Surface

Samples (about 500 grams each) of surface soil (0-15 cm) will be
systematically collected from the center and 4 points midway between the
center and the block comners for each 10 m x 10 m grid in affected areas.

Fifty samples will be obtained from random locations in unaffected areas,

outside the restricted plant site. Samples will be collected at 10 m
intervals along the drainage ditches from the former waste processing
facilities to the Wan@enng River and from other natural surface drainage

burial site; hquxii’ Waste lagoons, and prewously excavated underground
plpmg between the processmg areas and the waste ponds. Thesc locations

,,,,,

method. Samphngmllbcazthesurface (0-15cm) and at 1 m intervals
to a depth of 7 m at the former burial site and liquid waste lagoon areas;
along the path of the previously excavated liquid waste transfer piping,
sampling will be at 1 mmtuvalstoadepﬁxof?:m Ten, uniformly
spaced sampling locations will be selected in the former burial site and
twenty uniformly spaced locations will be selected in the area of the
lagoons. In addition, two sampling locations will be selected on each side
around the perimeter of these facilities, to confirm absence of subsurface
migration. Subsurface samples will be obtained at approximately 6
locations along the former waste transfer piping system.

Following sampling, a gamma scinﬁllation probe will be inserted into the

borehole and relative count rates determined at appreximately 50 cm
intervals between the surface and the hole bottom. This data will assist
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in evaluating the presencc of residual mdloacuvc material in vicinity of
the sampling location. If results are positive, additional subsurface
sampling will be conducted to define the area of residual contamination.

4.3.7 Special Measurements and Samples

s

Samples of paint will be obtained from 100 cm? areas on lower walls in
former hqmd and powdet prooessmg rooms. . One paint sample per 10 m?
owill be obmned_fro"" hese. surfaoa Bamt samples will also be collected
"~ from' surfac& wherc dxrect and. removable actmty measurements suggest

TP #é.» 5N

contamination may “have been painted ov

RTea

on, and Change Room facilities wilt
ated direct muon and at approximately
3m mtervals along the exavanons (Conversxon powder handlmg, and
other product proocssmg facilities did, no&&ave subfloor piping.) Other
remaining drains and piping in. affected“areas will be accessed, direct
d measurements performed at all access

B L AT

Carea § obmned from the piping, using a plumbers

Rcmammg ducts, clectncal boxs, oondmt, or othe: interior surfaow in
affected - areas, whxch may contam mdual contamination, will be
acmsed at random and’ m&surcments of chrect and removable activity
performed. Sw*a‘bs“'"’vvill be obtained from. insides of wall and floor
penemuons, anchor bolt holes, and floor cracks or expansion joints.

Floor cores will be removed from 10 locations in the areas where
conversion was perfonned gamma scans of subfloor soil will be
performed and soil samples from the floor/soil interface and 0.5 m below
the interface will be collected at each coring location. Additional floor
coring and subfloor sampling will be conducted, if surface scans and
measurements suggest subfloor contamination.

Building Exteri

Measurements of direct and removable activity will be performed on
exterior and interior surfaces of air exhaust equipment and at
representative locations on roof drains. Samples of roofing material will
be obtained where direct measurements suggest possible entrained
contamination.

C-24
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5.0

Cores will be removed at 6 locations on the uranium storage pads and
samples of subpad soil collected. Coring and soil sampling will also be
performed on other paved outside surfaces, where scans or direct
measurements suggest possible contamination beneath the paving. The
number and location of these cores will be determined on the basis of
findings as the survey progresses.

4.4 Background Level Determinations

Background exposure rates will be determined for the buxldmg interior by taking
a minimum of-8-10 pressurized ionization chamber measurements’ at locations of
similar construction but -withouta history of radioactive ‘materials se. Also, 8-
10 locations for area background measurement and samplmg wxll be selected

within a-0.5 to:10 km radius- of the site.* Exposure rate’ mwsurements will be -

performed using a pressurizedionization: chamber. ” A background soil sample

will be collected from each location of external background measurement.

Results of background exposure rate and uranium soil concentrations will be
evaluated to assure that the averages determined are representative of the true
averages, using procedures described in NUREG/CR-5849. Additional sampling
or measurements will be performed if necessary to satisfy criteria.

4.5 Sample Analysis

Smears and swabs for removable contamination will be analyzed for gross alpha,
gross beta activity. Soil, sediment, gravel, roofing material, and other large
volume samples will be analyzed for U-235 and U-238 by gamma spectrometry;
total uranium will be calculated on the basis of previously determined
(Section 3.2) isotopic activity ratios for this site. Samples of paint, residue, and
other samples of small volume will be analyzed for uranium by wet chemical
separation and alpha spectroscopy.

Laboratory chain-of-custody procedures (GNC/RFF-HP 3. 6-1988) will be
observed for all sample analyses.

Data Interpretation

Measurement data will be converted to units of dpm/100 cm? (surface activity), uR/h
(exposure rates) and pCi/g (soil concentrations) for comparison with guidelines. Values
will be adjusted for contributions from natural background. Individual measurements
and soil levels will be compared with "hot-spot® criteria. Average values for survey
units will be determined and compared with guideline levels. Data for each survey unit
will be tested against the confidence level objecnve using guidance and procedures
described in NUREG/CR-5849.



6.0

Additional remediation and/or further sampling and measurements will be performed

where guidelines are not met or cannot be demonstrated to the specified level of

confidence. Computations and comparisons will be rcpmted as necessary.

The avcrage. lcvds will be used to estimate the total residual inventory of uranium at the
site. ‘

Report

A report, describingthe procedures and findings of-the final status survey will be

prepared and submitted to, the NRC. . Data-will be summarized in tables. Measurement
.and ~samplmg loamons wm be shown.on: smle drawmgs

All field and. analytxml idata.will be\archxvecl‘ by General Nuclear Corporaaon until such

the NRC. authonm dxsposal NCTIEE
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Preface

An example of a final status survey report for a reference uranium fuel fabrication plant is
provided in this Appendix. This sample report duplicates some of the background, site
description, and other general information presented in the survey plan for this same reference
facility (see Appendix C); it is repeated here for thoroughness and to provide the Manual user
with a more complete pattern to follow during report preparation.

The major features used in the site description, such as plant design, radionuclides used,
operations conducted, waste-disposal practices, levels of radionuclides remaining, etc., were
taken from reports prepared for the NRC for the purpose of evaluating the technology, safety,
and costs of decommissioning. The specific source documents were: NUREG/CR-1266,
Technology, Safety, and Costs of Decommissioning a Reference Uranium Fuel Fabrication Plant,

and NUREG/CR-2241, Technology and Cost of Termination Surveys Associated with

Decommissioning of Nuclear Facilities.

Some alterations of and/or additions to information from these documents have been made,
however, to demonstrate principles and procedures given in this manual. Care has been taken
to ensure that these additions represent typical conditions that could be expected at the reference
facility. To enhance readability, the term "reference® has been used as though it were the name
of the facility; e.g., Reférence Uranium Fuel Fabrication (RFF) Plant. Also, a fictitious
company, e.g., General Nuclear Corporation, has been named as the owner and operator of the
plant.
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APPENDIX D

Final Radiological Status Report
for
The Reference Uranium Fuel
Fabrication Plant






1.0 . Background Information

2.0

The Reference Uranium Fuel Fabrication Plant (RFF) in Yorktown, Pennsylvania was
built between 1960 and 1964 and was operated from 1964 until mid 1985 by the General
Nuclear Corporation. Operating under NRC License XXX-100, Docket No. 00-000, the
plant converted natural and enriched uranium hexafluoride (UF¢ to uranium oxide (UOQ,),
formed the UO, into pellets, and incorporated pellets into fuel rods and bundles.
Auxiliary facilities were used to recover uranium from scrap and waste materials. Two
processes were used for the UF, to UQ, conversion. The primary method involved the
hydrolysis of UF, to ammonium diuranate (ADU), which was then reduced and calcined
to produce dry UO, powder; the secondary process was the conversion of UF; to U,0,
in a flame conversion reactor, followed by reduction to UQO, powder in a reduction-
calciner.

In 1985 the plant was shut down and nuclear materials were removed and shipped to
Department of Energy’ facﬂmes in Idaho Falls,. Idaho. The plant remained in the shut-

down state until 1986, when decommissioning efforts were initiated. Process equipment, -

fixtures, piping, etc., were removed and disposed of as radioactive waste. Buildings and
adjacent grounds were characterized and those areas: ‘exceeding NRC guidelines for
license termination were decontaminated; these efforts were completed in late 1990. This
document describes the. plan for conducting the final status survey of the site. Supporting
information.is.presented in the Site Deoommlssxomng Plan;.prepared and submitted to
the NRC in:May 1986, and in the Charactenmhon Survey Report, submitted in Febmary
1988. -

Beginning in April 1991, a survey to determine the final radiological status was
performed. The survey was performed in accordance with a survey plan, reviewed and
approved by the NRC. This report describes the results of that survey and demonstrates
that the facility now satisfies the NRC guidelines, established for release of formerly
licensed sites to unrestricted use. Supporting information is presented in the Site
Decommissioning Plan, prepared and submitted to the NRC in May 1986, the
Characterization Survey Report, submitted in February and the Final Site
Decommissioning Report, submitted in January 1992.

Site Information

2.1 Site Description

The Reference Uranium Fuel Fabrication Plans is located on a total land area of
approximately 470 hectares (1160 acres); there is a moderate size stream
(Wandering River) running through one comner of the site Figure 1). : Actual
plant processing facilities were on a much smaller, restricted, fenced-in area of
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approximately 30,000 m? (3 hectares). The plant area occupies a low bluff that
forms a bank of the river, and several flat alluvial terraces comprise the main

topographical features of the property. These terraces lie at average elevations

of 280 to 284 m above sea level and slope away from the river at grades of 2 to
3 percent. The river was used for disposal of acceptable liquid effluents from the
on-site liquid waste systems.

The major structures in the formerly restricted processing area include the main
building (with inter-connected chemical/metal laboratory and uranium scrap
recovery and powder warehouse rooms), an incinerator building, a maintenance
building, and a filter house (Fxgures 2A & 2B).

Auxiliary facxlmes are lomted outside the fcnced area. These include a boiler

house, a fluoride and nitrate’ ‘waste treatment plant and associated lagoons, liquid -

chemical waste tr&tment lagoons, a sewage treatment plant and sanitary lagoon

~* and concrete uraniuf’ "$torage pads “The: a\mhary facilities were used to recover

2.2

" uranium from scrap?and waste matmals and to recover valuable chemmls from-

gaseous and liquid wastes A gk g |

During  thé™ plants<21 y&rs of operanon, an - csnmated total of- 0.2 Cl of
radioactivity was released.into: the. atmosphcm and subsequmtly deposmad on the

site. The “property, also contamed one; 'small, shallow land burial-area for -

low-level radioactive waste:~ This ‘area’“was operawd in. accordanoe ‘with
10 CFR 20:304 between 1966 and 1970, receiving an mmnated total activity of
0.3 Ciof uranium. This waste was excavated and disposed of at an authorized
burial site as part of the decommissioning process.

Site Conditions at Time of 'Final,j;Sui'vey

As part of the decommissioning activities, process equipment and supporting
fixtures were removed from radioactive materials areas and cleaned and released
or disposed of as radioactive waste. Potentially contaminated structural surfaces
were stripped of coatings by grit blasting or use of chemical agents.
Contaminated surfaces identified by the characterization survey were cleaned or
removed.

The on-site shallow land burial was excavated. Facilities used for processing of
potentially contaminated effluents such as the lagoons and sewage treatment plant
were characterized, and, where necessary, decontamination was performed. Soil
contamination in the vicinity of process building was identified and removed to
depths ranging from 5 cm to 1.5 m.

Details regarding the decontamination actions are presented in the Final Site
Decommissioning Report.
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2.3

Identity of Potential Contaminants and Release Guidelines

Based on the knowledge of site operations and the results of the preliminary
assessment and characterization survey the significant radmloglcal contaminants
were determined to be isotopes of uranium. The uranium is enriched in U-234
and U-235 above naturally occurring levels; the average activity ratios of the
uranium isotopes is:

U-234 81.4%
U-238 15.5%
U-235 3 l%

On the basis of tlus combination of oontammants the surface contamination
gmdehne values for the s1tc arc R

5000 dpm/lOO cm2 averagc over 1 m?* ‘ N :
150000 dpm/100 cm’?, maximum over 100 cm?® * ] -
‘ 1000 dpm/200 cm2 rcmovable" '

"'Hypothencal wvalues, chosen for thc purposc of demonstratmg survey design and
data cvaluauon o

The soﬂ contamination guldehne value is 30 pC1lg, total uranium.

3.0 Final Status Survey Overview

3.1

Survey Objectives

The purpose of the final status survey was to demonstrate that the radiological
conditions at the Reference Uranium Fuel Fabrication Plant satisfy the NRC
guidelines and that the plant site can, therefore, be released from licensing
restrictions for future use without radiological controls. The specxﬁc objectives
of the survey were to show that:

A. Surface Activity of Buildings and Structures
® Average surface activity levels (total of fixed and removable
activity) are at or below guideline values established as acceptable
by NRC.

L Reasonable efforts have been made to idcntif'y, evaluate, and
remove, if necessary, areas of residual activity exceeding the
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3.2

” Vowri Gwdl TRy ni_b gnm S -
o Rwsonable effonsuhave been: made 0 1dennfy cvaluatc and

guideline value, known as elevated areas, may be acceptable,
provided the activity levels are less than three times the guideline
-values, when averaged over a surface reglon of 100 cm?, and
provided . the average. level within a 1 m? area containing the
elevated area is within the gmdehnc value.

° Reasonable efforts have been mzidel to clean up removable activity
and removable activity in any 100 cm? area does not exceed 20%
of the average surface activity values.

B. Volume Activity of Soil and Bmldmg Matenals

‘. "Avmge radlonuchde égncenu'anons - are:; at;or below guideline
values, estabhshed as acccptable by the NRC. For your land

remove, if necessary, areas of residual activity exceeding the
s ooy BUideline . values.y: . Areas ,of sresidualiactivity exceeding the
guideline value, known as elevated:areas,:may be acceptable,
provided they do not exceed the guideline value by greater than a
. factor-of (100/A)%; :where A is the:area of residual activity in m?,
" and provided the activity level at any location does not exceed

three times the guideline value.

C. Exposure Rate

° Exposure rates do not exceed 5 uR/h above background at 1 m
above the surface. Exposure rates may be averaged over a 100 m?
grid area. Maximum'exposure rates over any discrete area may
not exceed 10 uR/h above background.

e

“The objective of the survey was to demonstrate at a 95% minimum level of

confidence, that the above conditions have been met. For the purpose of this
demonstration, each survey unit independently evaluated.
Organization and Responsibilities

The survey was performed by a team composed of qualified personnel of the RFF
Plant and General Nuclear Corporation. This is the same organizational structure

which conducted the characterization survey activities; the Survey Plan contains

further details on this organization.

D-8



3.3

34

Analytical services for gross alpha/beta levels on smears, air, and water samples
were performed by the Plant Analytical Services Laboratory in accordance with
standard Plant procedures, "Laboratory Analyses of Environmental Samples”
procedures GNC/RFF-HP 3.1, 3.2, 3.4, and 3.7 (1988). Samples of soil and
other special samples, requiring gamma spectrometry or wet chemistry analyses
were conducted by a contract laboratory, Analytical Operations, Inc. QA/QC
programs for both in-house and contractor laboratory services were monitored by
the QA coordinator of the final status survey team.

Instrumentation

Table 1 lists the instrumentation used for the survey activities, along with
parameters and detection sensitivities for the instrumentation and survey
technique. The combination of instrumentation and technique were chosen to
provide a detection sensitivity of 25% or less of the guideline levels. All
instruments were calibrated a minimum of once every 3 months, using
NIST-traceable standards. Calibration was for the specific uranium radiation
energies expected to be present at the site. Operational and background checks
were performed at least once each 4 hours of instrument use.

Survey Procedures

Survey planning and procedures were in accordance with the Manual for
Conducting Radiological Surveys in Support of License Termination, NUREG/CR-
5849. Procedures are briefly described in this section; further detail on
procedures is presented in Appendix A.

3.4.1 Area Classification

For purposes of establishing the sampling and measurement frequency and
pattern, the site was divided into affected and unaffected areas. The bases for
these classifications are:

. affected areas: Areas that have potential radioactive contamination (based
on plant operating history) or known radioactive contamination (based on
past or preliminary radiological surveillance). This includes areas where
radioactive materials were used and stored, where records indicate spills
or other unusual occurrences that could have resulted in spread of
contamination, and where radioactive materials were buried. Areas
immediately surrounding or adjacent to locations where radioactive
materials were used or stored, spilled, or buried were included in this
classification because of the potential for inadvertent spread of
contamination.
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unaffected areas: “All areas not classified as affected. These areas are
not expected to contain residual radioactivity, based on 2 knowledge of
site history and previous survey information.

Table 2 lists the various site areas in each classification category.
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3.4.2 Reference Grids

Grids were established for the purpose of referencing locations of samples
and measurements, relative to buildings and other site features. The
gnddmg intervals were based on the potential for residual contamination
in the various plant areas. (See Table 2). All affected building area floor
and lower.wall (up to 2 m,) surfaces were gridded at 1 m intervals; upper
walls and ceilings of affected areas were also gridded at 1 m intervals, if
residual activity above 25% of the guideline was known or Suspected
Building surfaces in-unaffected areas or those upper . surfacés in affected
areas that were not contaminated as a result of prior activities were not
gridded; measurements were referenced: to other grid systems or to
~~w»prormnenﬁ=ﬂbulldmg features s-Affected out31de areas were- gndded at 10
m intervals; unaffected areas were not gndded This gnd system is
‘1dennml to- the .one used dunng thc»charactenzanon survey and the_
remedlal “action acnvmes, : where necessary the® wher -gnd _was
' reestabhshed expanded or subdmded '

mw(—swww e S ESEN LW e e

. The facxhty was divided into;’ survey uxuts havmg common: history,

- :‘ ) contammanon potex;ual;:or' that are*namrally dxstmguxshable from other
e - Bt

- ‘surfaces and other honzontal surfaces Areas of buﬂdmg surface survey

© units, classlﬁed as affected were lmuted toa maximum ‘of 100 m?. A
total of 48 affected area’survey units‘and 5 unaffected areas survey units
were established.

-

|
During the survey, two small soil areas on the unrestricted- plant site and
one office area, adjacent to the processing facility, were found to contain
residual activity exceeding 75% of the guideline levels. These areas were
reclassified from unaffected to affected areas and surveyed by a more
intensive procedure than initially planned.

3.4.3 Surface Scans

Scanning of surfaces to identify locations of residual surface and near-
surface activity was performed according to the following schedule:

Affected Area Surfaces - 100% of surface

Non-contaminated upper surfaces in affected areas - in immediate
vicinity of measurement

Unaffected Area Surfaces - 10% of lower surface _
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Building interior surface scans were conducted for alpha, beta, and
gamma radiations. Scans of exterior building and paved surfaces were for
beta and -gamma radiations. Soil surfaces were scanned for gamma
radiations only. '

Instrumentation for scanning is listed in Table 1. The instruments having
the lowest detection sensitivity were used for the scans,wherever physical
surface conditions and measurement locations permitted.

Scanning speeds were 1 detector width per second for alpha and beta
detection - instruments and 0.5 m per second for gamma instruments.
Audible indicators (headphones) were used to identify locations, having
elevated (>1.5 to 3 times ambient) levels of direct radiation. These
locations were noted for further investigation.

3.4.4 Surface Activity Measurements -

mmw

Direct measurements of alpha, beta, and/or beta—gamma surface actxvny
were performed at selected locations using‘instrumentation described in
Table 1. Unless precluded by surface conditions or physical parameters,
the most seasitive ‘of  the msmnnents hsted for surface measurements
(Table 1) were used.” M&surements wu'e conducted by integrating counts
over a 1 minute pmod. Appenchx B ‘contains facility drawings showing
the locations of measurements.

Measurement spacings/frequencies were as follows:

Floors and lower walls
Affected Areas - 2 m intervals
Unaffected Areas - 1 per 50 m? of surface

Other Surfaces
Affected Areas -
2 m intervals if residual activity expected to
exceed 25% of guideline; otherwise 1 per
20 m? of surface.
Unaffected Areas - 1 per 50 m? of surface

y ination M

A smear for removable contamination was performed at each direct
measurement location.

D-17
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34.5 Exposum Rate Measurements

Gamma exposure rates were measured at 1 m above ground or floor
surfaces, using a pressurized ionization chamber or a gamma scintillation
instrument, calibrated for low enrichment uranium energies.
Measurements were uniformly spaced according to the following pattern:

* Building Interiors

Affected Areas: 1 measurement per 4 m’.
- Unaffected Areas: 1 measurement per 200 m2.

Grounds ...

Affected Areas: 5 measurements per 100 m? grid block.
" Unaffected.. Ar&s 50 measurements at randomly selected
locations. )

3.4.6 Soil/Sediment Sampling

T

e o eyt o
- R IR RIS s
Al PrRERIEe IR

' Samplu (about 500 grams mh) of surfaoe soil (0-15 cm) were
‘.systcmanmlly llected from the center and 4 points midway between the
oentcrand theblockcomers formch 10m X. IOmgnd in affected areas.
Sixty samples were obtamed from random locations in unaffected areas,
outside the restricted plant site. Samples were collected at 10 m intervals
along the drainage ditches from the former. waste processing facilities to
the Wandermg River and from other natural surface drainage pathways to
the River. At each surface sampling location, contact gamma levels
before and after sampling were monitored to determine whether
subsurface contamination may be present.

Sediment (about 500 grams) samples were obtained at the outfall of
drainage ditches to the Wandering River and from 25 to 50 m upstream
and downstream of the outfall. Sampling was from the River center and
near both banks. Locations of surface soil sampling are indicated on
facility drawings in Appendix B.

Subsurface

Subsurface investigations were performed at the locations of the former
burial site, liquid waste lagoons, and previously excavated underground
piping between the processing areas and the waste ponds. These locations
were scanned by a commercial contractor using electromagnetic sensors

(ground penetrating radar) to verify that no buried objects remain.and to ~

guide placement of subsurface sampling locations. Results of that survey
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are included as Appendix C of this report. Subsurface samples were
obtained by a commercial contractor, using the split-barrel. method.

Sampling was at the surface (0-15 cm) and at 1 m intervals to a depth of
10 m at the former burial site and liquid waste lagoon areas; along the
path of the previously excavated liquid waste transfer piping, sampling
was at 1 m intervals to a depth of 3 m.  Fifteen, uniformly spaced
sampling locations were selected in the former burial site and twenty-five
umformly spaced locauons were selected in the area of the lagoons. In
penmeter of thesc facilities, to conﬁrm absence of subsurface migration.

Subsurface sample's were obtained at approxlmately 5 locations along the
former waste transfer plpmg system o

Following samplmg, a gamma scintillation. probe was inserted into the
borehole and relative count rates determined at approximately 50 cm
intervals between the surface and, the hole bottom. If results were -
posmve, addmonal subsurface samphngtwas conducted to deﬁné the area
'of resx ual contammatzon - :

Locations of subsurface soil samphng are indicated on drawmgs in
' Appendlx B.

3.4.7 Special Measurements and Samples

Samples of paint were obtained from 100 cm? areas on lower walls m
former liquid and powder processing rooms. One paint sample per 10 m’
was obtained from these surfaces. Paint samples were also collected from
surfaces where direct and removable activity measurements suggested
contamination may have been painted over. :

Trenches where contaminated drain piping was excavated in the Analytical
Laboratory, Rad Waste Decontamination, and Change Room facilities
were sampled at locations of elevated direct radiation and at
approximately 3 m intervals along the excavations. Other remaining
drains and piping in affected areas were accessed, direct alpha and beta-
gamma scans and measurements performed at all access points, and a
large-area swab obtained from the piping, using a plumbers "snake" and
piece of cloth.

Remaining ducts, electrical boxes, conduit, or other interior surfaces in
affected areas, which may contained residual contamination, were
accessed at random and measurements of direct and removable activity
performed. Swabs were obtained from insides of wall and floor
penetrations, anchor bolt holes, and floor cracks or expansion joints.
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3.5

3.6

Floor cores ‘were removed from 17 locations in the areas where
conversxon was performed gamma scans of subfloor soil were performed
and soil samples from the floor/soil interface and 0.5 m below the
mterface were collected at &ch conng locanon

M&surements of ‘direct and removable activity were performed on
'extenor and mtenor' urfaces of a1r exhaust equipment and at

e A P b o]

S, locano

c‘é‘f‘es- ns on‘the uranium storage. pads and

Ty 0{;32‘«! PEiiyr BRI A S s Lk
““samples m‘”f subpadm “",‘E‘d."ic ring.and soil sampling was also

7‘”’?‘% d.é:m HENE

performed on three ‘other paved “outside surfaces where scans or direct
measurements suggest possxble eommmnauon beneath the paving.

T SURES  busn. (NG LERRSILE

Locations of special samples are ‘Shown on. o Figures in Appendix B.
Background Level Determinations

Background exposure rates were determined for the building interior by taking
of 8 pressurized ionization chamber measurements at locations of similar
construction but without a history. of radioactive,materials use. Also, 8 locations
' 1 easurement 2 and samtplmg will be selected within a 0.5 to
10 km radius of the site., Exposure rate measurements were performed using a
precsunzed ionization chamber A background soil sample was collected from
each location of extemal ‘background .measurement. Results of background
exposure rate and uranium soil concentrations were evaluated to assure that the
averages determined were representative of the true averages, using procedures
described in NURBG/CR-5849. Based on this evaluation, an additional 6
samples were obtained for deterrmmng the uranium average background
concentrations in soil. Figures B-97 and B-98 in Appendix B indicate the
locations of background measurements and samples.

Sample Analysis

Smears and swabs for removable contamination were analyzed for gross alpha,
gross beta activity. Soil, sediment, gravel, roofing material, and other large
volume samples were analyzed for U-235 and U-238 by gamma spectrometry;
total uranium was calculated on the basis of previously determined isotopic

activity ratios for this site. Samples of paint, residue, and other samples of __
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4.0

3.7

3.8

small volume were analyzed for uranium by wet chemical separation and alpha
spectroscopy.

Data Interpretation

Data conversmns and evaluatxons were performed, following the guidance in
NUREG/CR-5849. Calibrational methods and sample calculations are provided
in Appendix D. :Measurement data were converted to units of dpm/100 cm?
(surface. activity), uR/h (exposure rates) and.pCi/g (soil concentrations) for
comparison with guidelines. Values were adjusted for contributions from natural
background. Individual measurements and soil radionuclide concentration levels
were compared with "hot-spot], criteria.. Average values-for survey units were
determined and compared with guideline levels Data for mch survey unit were

_tested agamst the conﬁdence level objecuvc

S e AveE ¢ ras

Addmonal remedlauon and/orf further samplmg and ‘measurements -were

performed where gmdehnes were not met or could not be demonstrated to the

specified level of confidence. Computations and comparisons were repeated, as
necessary.

Th‘e’é\"{ex‘{ge acnvxty le\'rel'e»werezused to estimate the total residual inventory of
uranium at the site. 2

Records

All samples and original survey data have been archived at the General Nuclear
Corporation main offices and will be held until such time as authorized by the
NRC for disposal.

Survey Findings and Results

Appendix E contains tables of data, affected during the survey. Data are summarized
in tables of Appendix F; Appendix F also contains results of data interpretations and
comparisons with guidelines and conditions established as survey objectives.

4.1

Background Levels (Table E-1)

Background exposure rates for interior and exterior areas averaged 9.3 and 10.1
uR/h respectively. Concentrations of uranium in area soil averaged 1.1 + 0.3
pCl/g, U-234; 0.1 + 0.1 pCi/g, U-235; and 1.2 + 0.3 pCi/g, U-238.
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4.2

Building Surveys
Scans

Scans of surfaces (Table E—2) identified approximately 50 small isolated areas
of residual contamination and 1 larger area, adjacent to the lower conversion
operation. The area adjacent to the conversion operation was reclassified from
"unaffected” to “affected” for purposes of surface activity surveys. All other
locations identified by scans were evaluated to determine status relative to

guidelines and, if necessary, remediated and resurveyed (refer to Tables E-4 and
E-5).

Sllrfa::i;e{r T‘ "“ - e :

HOI

Table E—3 present the mults of- surface actmty ‘meastirements. All individual
measurements were within guideline levels, with ‘many of the measurement bemg’

-;:,:'?z’%below theﬁ sensxtmty levels of the procedures e -

4.3

Table E-6 and E-7 contain results of paint samples from building interior

 surfaces and soil samples from below floors of several former process areas. No

evidence of sample activity exceeding guidelines was noted. Gamma scans at
subfloor sampling locations did not indicate potential residual activity.

Exposure Rates

Exposure rates inside structures ranged from 8 to 12 uR/h (Table E-8). These
rates were within the guideline levels of 5 uR/h above background.

Grounds Surveys

Scans

Scans identified 11 locations of elevated contact gamma radiation, suggesting
residual soil activity (See Table E-9). Two of these locations were reclassified
as affected areas for further survey; the remainder of the locations were
remediated by removal of small areas of surface soil.

Exposure Rateg

Exposure rate measurements are presented in Table E-10. Rates ranged between
9 and 13 uR/h; all locations satisfied the guidelines.
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4.4 Data Evaluation
Tables F-1, F-2, and F-3 summarize the average levels in the different survey
units” for building and” grounds surveys. Comparisons of averages with
guidelines indicated the guidelines were. sausﬁed for all survcy units, at the 95% .
confidence level conditions. e

4.5 Residual Actmty Inventory

: Calculanons indicate -that resxdual -activity above the avemge background on

building surfaces and in soil is approximately 4.3 x 10* ande1 and 2.7 x 104,
respectively.

Summary

ium Concentrati in Soi

Tables E-10 and E-11 summarize the results of surface and subsurface soil
sampling. Fifteen individual surface soil samples exceeded the guideline level;
the maximum was approximately 5 times the guideline. Further sampling at the
locations of the hot-spots indicated that in each case the area of residual activity
was 1 m’® or less in area and averaging conditions for the grid containing these
sampling locations were satisfied. No. subsurface samples contained in excess
of the uranium guideline. Borehole gamma logging did not identify any
locations of elevated subsurface gamma radiation.

Between April and September 1991, surveys of the Reference Uranium Fuel Fabrication
Plant were conducted. Results of the survey demonstrate that the decontamination
actions were effective in reducing residual activity at the site meet the NRC limits for
release for unrestricted use.
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